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Diagram showing a new scheme of classifieation, adopted in this monograph,
of the genera and families of the so-called scombroid fishes fonnd in Japanese

waters, and their probable relations with each other.
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Introduction.

Japanese natmralists of olden thnes, sneh as BgikeN Karpags (38), Jyuper
Keropa (50), and Suyvssku TAREr (73), wranged the semnbroid fishes in four
groups :—mnackerels, seerfishes, tunmies, and bonitos.  ‘Thongh these anthors did
not mention the gineral characters of these groups, T do not hesitate t say
that their observations were keen and accurate.

Tn the occident, LINNAEUs and his followars grouped the scombroid fishes
in a single genns Seomler without order; bat in 1829 Covier founded @ new
classification, and amranged the scombroid fishes (les Scombres) i eight genera i —
Scomber, Thynnus, Oreynus, Auxis, Scrda, Cybiwm, Thrystes, and (Gempyles.
This system lhas been followed by succeeding anthors, thongh move or less
altered by them.  Thus at present tumies and boniths are classified  with
seerfishes and mackerels thgether in one and the same fanily, Scombridie, and
even many receut investigators who have the tendency of dividing old families
into many new ones have not yet touched this fanily. Rrecan (62) observed
that the defimition of the family Scombride is not satisfactory, and the natural
affinitics of different genera are little explained.  Recently Stinis (69) tried
ty solve the mutual relationship of scombroid fishes from the study of the
skeleton, and published valuable results.

The scombroid fishes are of great consequence in the cconomy of our
eountry, ranking next in fwmportance ty the clapenid fishes,  Their annual eateh
avounts tH ea. 150,000,000 kg, in weight, and 25,000,000 yen in value. These
figures are based on statistical reports from the govermuent, and I believe that
they are much wnderestimated.  Of course the amount of catch tluctaates
vearly ; but there is a tendency t) gradual increase, as the fishing grounds are
more and more extended. Though these [shes are caught nearly in every
part of onr empire, and the whole year round, they arc more abundant in
southern parts, and more on the Pacific coasts than on the Japan Sea
conasts.  Recently Japanese fishermen have begun to catch tunnies and bonitos
in great abundance in the Hawailan waters and in South California.

The scombroid fishes are mostly migratory, swim near the surface of the sea,
and are very widely distributed.  They form large schools, grow very rapidly,

mostly attaining a gigantic size, and furnish a rich, palatable, nutricious food.
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I began the investigation of the scombroid fishes in 1911, and since then
I have devoted my time chicfly to this study. As the vesult of the investi-
gation, tumnies and Donitos were found to be the most specialized forms of the
bony fshes with many distinetive characters, hitherto unknown to science.  The
results have from time to tihme Deen reported in Japanese in the * Suisan
Gakkwai H6” (Procecdings of the Scientific Fishery Association).

The materials for the present study were chiefly collected at owr laboratory
from the fish-markets of Tokyo, and a part from various localities by the.author
himself, and through the courtesies of imstitutions and private persons. The
anthor wishes to acknowledge with thanks the kind assistance of Messis. SEI1Z0
ApacHI, YET Axryayma, TaREo Aok1, HIROTARD Asaxo, KorcAr KAMEL, NIHED
MaTsuNo, the late XOTARO DIAYEDA, YG62z0 NAKATINA, SEISHI ORKADA, NAOTARO
Ora, Yasusr Onrs, Earstya Taco, Kivoromo TasHIRO, SEIRG TOMINAGA,
Y0sr0 WaKIYA, KICHITARO YaMaDa &e., Desides many friends in our College,

Imperial Fisheries Burean, and Suisan Koshyvujo; Prof. W. C. M’IxTosH,
St. Andrews University, Scotland; the late Dr. Rrcmarp Rarepuy, U. S.
National Museuin ; Prof. D. S. Jorpay, Stanford Umiversity, Cal. ; Messrs KOsakU
Ima, Kmrer Nast, the late Norivosar Tovaya,' &e. at Los Angelgs; and M.
L. GoBzE, Fishery Station, Batavia. Finally I wish to express my appreciation
of the painstaking work of the artist, Mr. SHIGEZO KIKKawa, who has cndeav-
oured to represent very accurately the various species, and cven the number and
exact mrangewent of scales i each species, and troublesome representations’ of

anatomical structures in detail.

Comparative Anatomy-
EXTERNAL CIHHARACTERS.
Ex1iErNAL ForM OF THE Boby.

In general the form of the body is nicely fusiform, so as to give the least
resistance in locomotion, but in the case of Cybiwm clinense the anterior part
of the dorsal outline is couneave (fig. 34). The ventral outline of the body is
u little more cwrved than the dorsal, to balance ‘the heavy muscular put with

1. One of the pioneers who established the tuna fish trade in South California.
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the lighter, visceral part.  The postevior end of the body is more slender than
the anterior, the hroadest part of the body being generally in advance of the
middle, between the snout and the candal pedmele. In mackerels the broadest
portion is found in the vertical, passing the middle of the first dorsal, that is
a little before the middle of the body.  In seerfishes the broadest paurt lies at
the posterior part of the fist dorsal or near the anus.  In tunnies the broadest
part of the hody is at the middle of the first dorsal, while in bonitos the broadest
part neady coineides with the middle of the body.  The hody is generally rounded
or elliptical in cross-section.  In Rustrelliger and most species of the genus
Cybiwm the body is more or less compressed ; bat in the Tlecostel the hody is
always plmnop.

Generally the line connecting the apex of the snont and the middle of the
side of the tail passes through the centre of the eye, and nearly coineides with
the upper margin of the pectoral fin. In the Scombride the nape is nurow,
and the body is more or less compressed laterally ; in the Cybiidee the nape
i1s broad, and the body is generally eompressed and elongated; while in the
Placostei the body is short wid plump.  In the Thumidae the nape is broad, but
i the Katsuwonidee it is remarkably namrow, The candal portion is shorter than
the abdominal portion in the Scombridwe ; longer in the Cybiide, except in the
geners deantlocybium, Sarda, and Gymuosarde ; nearly equal in the Thunnidse ;
and shorter in the Katsuwonidiwe. In the Scombridm the endal peduncle is
thick, nearly rounded in eross-seetion and wants the lateral keel, while in the
Cybiide it is rather thick, more or less horizontally depressed, and is provided
with a large lateral keel, which is rather thin and browd at the hind end. In
the Plecostel the eaundal peduncle is very nmrow, depressed, and is provided with
a very thick keel, especially in the Katsnwonida.  In the Cybiide these keels
are generally covered were clongated seales, Dut they are quite naked in the
Plecostet.

The form of the body differs of cowse in different ages of fish, Generally
the head is longer in small, imnature speeimens, but the proportion of its
length to the height of the hody is often constant. Therefore immature
specimens of seerfishes and their allied forms, such as Cybiwm wiphonium, C.
commerson, and Surda orientalis arc broader than the mature forms; but in the

Plecostci the immatwre forms have a move slender body than the adult, The
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form of the Dody differs sowetimes in different scasons.  Geuerally the form of
the body is fat and fine before the spawning season; bnt it hecomes lean aud
ngly after spawning, and remains in such a condition during some three or
forwr months.  The lean form of Cyliwm wiphonimm in summer is especially
remarkable.  This difference of fatucss in scasons is little discernible in the
case of the Plecostei.  In the striped Dbonito, however, the flesh bLecomes
renzwkably watery after spawning, mnch paler in colour, and at the sumne

time losing both taste and tenacity.

SIZE OF THE BoDy.

Mackerels are generally small, never reaching one metre in the total
leugth.  Scerfishes generally grow more than o metre in length, and certain
species attain a very large size, for example Cylium clinense grows to a length
of more than two metres, and to a weight of more than oue hnndred kg.
Gymnosarda wuda,  Cybiuvie commerson and Acasthocylbivn solund i grow very
lage too. Mncly kuger sizes are rather common in tonnies.  Thunnus orientalis
grows to more than 260 kg in weight, and ea 3 m in length, and even tnumies of
375 kg are recorded. Thus our commuon tonny is smaller than the Atlantie
congencr, the latter is said to grow to ca 451 kg u weight.  Neothunnus rarus
is the smallest tmuny known, reaching watarity when it is ca 60 cin in lengtly,
and 8kg in weight, Deing nearly equal to the average size of the striped
bonito.  In honitos the size Tecomes small again, rarely exceeding o netie in
length, and 15kg in weight, the smallest fish of the kind is found in the

genns Auxis.  Fishes of the genus Awxds are ea 30 cm long and 600 g in

weight.
COLOUR AND DMARKINGS.

The Dack is blackish at the anterior part, changing gradually to bluish
or greenish colour, with metallic lustre, and the belly is silvery «r grevish, with
nridescent veflections.  Generally speaking the ground colomr of the back is
greenisl in the Scombrida, steel-Dlue in the Cyhiidw, and blnish in the
Plecostei. - When we observe the living fish, the colour greatly diftrs from that
of the dend, even recently killed. I have observed a remarkable differeuce in

the genus Awrds, which is dark Dluish green when living, but Dluish when
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dead. The colour of the living fishes is, Lowever, very difticult to observe, as
they live rather in offsshore waters, swim very swiftly, and die soon after they
are canght. A yellowish colonr is found in mackerels and wost tunnies, but
is uot found in fishes of the Cyhiidie, nor in bouitos.  Moreover, this colowr is
not stable in speeimwers preserved in aleoliol or formalin,

Markings are mostly found ou the back, and they we generally Dlackish.
They are cither irregular, waving streaks, dots, or longitudinal Dbands, and
those found in the back are darker thau the ground colow.  Markings ave
sometimes fonnd in the belly too, but they are sooty, fainter than those on
the back, or are sibvery in the sooty ground. The number of the mwkings
corresponds generally with that of myotomes.  Markings on Doth sides of the
hody are not strictly symmetrical. Colowr and markings fade away in long
preserved speciiens.  On the contrary markings invisible i fresh state may
become visible after some days preservation in alcohol or formaline - Colonr and
markings of the immature forms difler greatly fromn those of the adult.
Generally, immature fishes have simpler and less numerous markings than the
adult; but in the striped bonito immatore fishes bave more mmnerous stripes
than the adnlt.

Colowr and warkings becore bright, when the fish is excited, and dull, or
disappear when frightened.

In our common mackercls pignents ave found below the skin, and above
the adipose layer, and in the skin which may cusily be peeled off, scanty,
insignificant piguent-spots only are fonud. This explains the veason why stale
maekerel often retain Irillint colows.  In Rastrcliyer clirysozonus we find o
row of durk spots on each side of the base of the dovsal fin, hesides two dark
longitudinal bands in the ITack. Two bands below  these dwrk bands and
ruuning  behind the pectownd are yellowish.  The  yellowish colowr gradually
fades in preserved specimens.

Seerfishes have generally two or wmore rows of dark roundish spots near
the Interal iedian line of the body. Tn Cyliwue wiplonium (fig. 32) we
somelimes find the whole hody except the back densely covered with spots.  In
the same species the ventral median line, and a longitudinal line rumming
backward from the base of encl peetoral ave sometimes eoloured black.  Cybiui

commerson (fig. 39) and  Aecardhocyliwn solandri (fig. 31) have many transverse
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bands, while the fish belonging to the genus Surde have many longitudinal
bands on the back (fig. 33). In a small immature specimen of Sarda orientalis,
obtained on the east coast of Aomori-ken, I found 13 transverse bands, and in
these bands, five to seven, oblique longitudinal bands, were found. IFishes
belonging to the genus Gymnosarde bave no markings ot all (fig. 37). In
the Cybiide dots and bands are generally few in number in immatare forms,
and the markings inerease in number by intercalation as the fish grows
Iarger.  Cybiwn niphonwium wnder 10 em in length, and Cybium koreanum
ander ca 20 em lack markings entively.

In adult tunnies we find no markings, except many silvery lines and dots
in the belly of certain species (fig. 45, 48). These silvery dots and lines are
not found in the other scombroid fishes. Adult bonitos have dwk bands
generally transverse in the back; but they are not conspicnous in the genn
Katsweonus (fig. 53), as the bands are very broad and quite near each other.
Longitadinal bands on the belly of Katsuwonus and dark spots in the thoracie
pat of Futhymnus (fig. 54) are characteristic to the respective genus.  Generally
small immature forms of plecostean fishes are transversely banded and they
extend from the dorvsal median line to the venfral median line.  These bands are
broad anl they approach each other very closely, in the Thunnidie; but in
the Ratsuwonidie they are rather narrow, being more natow than the interval
between them, and are short, not reuching the ventral median line.  Small
immatore forms of Thunnus orient:lis (fig. 43) and Neothunnus macrop’erus
have many dawrk transverse bands, which gralually disappear from the dorsal
side, when the fish is about half a year old; but the veniral part of these
bands remains all throngh life (fig. 45). As the fish grows larger, these
bands in the belly are subdivided by a series of dots. Thes2 boundary lines
and series of dots gradually incline obliquely backwards, towards the ventral
median live (fig. 45). In Parathunnus mebacki of ea. 90 ¢ in levgth T found
veutral markings, but in Iarger specimens they disappear entively. In Thewnnus
cermo and Neothwous rarus (fig. 48) irvegular longitudinal bands of greyish
colour are found in the belly, and they anastomose with each other, leaving
silvery meshes.  Tn the former species the marking disappears in laurger
speciliens, but in the latter, it remmins lifelong. Pigments and silvery

ingredients of bonitos :we found at the surface of the skin. Therefore when
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we peel oft the skin, the colouring is mostly lost, and only o thin pale layer
of plgment is found above the adipize layer of the body.  Sometines the
bely of bonitos is shoty brown.  Iishermen believe that such fishes remained
on the muddy bottom a long time. In o small specimen of Nafsuconus
prlenis, ea. 20em long, I found 5 faint transverse hands near the lateral
medinm  line, besides the longitndinal bands. These transverse bands are
called by fishermen bands of the sanvel-type, and when thes: bands appear
on the side of the fish, they are greatly excited to bite so that we can
antieipate o great cateh.  In immature bonitos c¢a 30 em long, longitudinal
bands are more numerous than in the aduolt, the avsibary hands being found
near the Luternl median line. In immature specimens of Euthynnus yoito, ca
13 em long, we find abont cight transverse bands, crossing down the laternl
Jine. These hands are darker and bend « little backward at the doisal part
above the lateral line. Tn a specimen en 19 em loug there arve about thirteen
transverse bands. The cowse of the dorsal pwrt of the bands above the
lateral line mow mnemly coincides with the houndary line between myotomes.
Specimens of such size liwve one to three dark spots ab the pectoral region.
The spinous dorsal, caudal, and the axial side of the pectorals wre generally
blackish.  Ventrals and the anal are pale coloured or newrly colontless. In
the Cybiidie the spinnus dorsal is gencrally black, but in immatore forms of
some secrfishes it is colourless at the posterior portion. In Gymnosarda (fig.
37) the tip of the second dorsal and the amal is colowrless. T the Plecostei
the first dorsal is washed with black at the margin. It is remarkable that fins
are more or less vellowish in tummies; but that colour never appears in the
fins of scerfishes and bonitos. The yellow colonr is especially conspicnous in
Parathunnus mcbacli and  Neotlwnnus macropferus; but not conspicnons in

Thunnus germo and Neothunnus rarus.

Hzeabp.

Generally speaking the head is large, one fifth of the total length of the
body in the Scombridie, one sixth in the Cybiidw, and one fowth in the
Plecostei. The length of the head is generally more or less longer than the
height of the body, even in the case of tunnics and bonitos. Therefore it is

very remarkable that the head of Cybium Lorcanwm is 11 times the height
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of the body (fig. 55). The hLead is somwewhat triangularly pyramidal, as its
upper surface is more or less flat and the lateral sides oblique, meeting at the
ventral median line. This characteristic form is very well developed in the
Plecostei, while it is rather a little modified in the Cybiidwe, as the head is
wore compiessed laterally than in other familics, and its top is more or less
vaulted.

In the Scombride the spout is moderately long, ea. 1/3 the length of
Jicad, and the posterior nostrils are slit-like. In the Cybiidie the snout is
mnch elongated, being nearly equal i length with the part behind the eye.
The anterior and posterior nostrils are nearer to ecach otler, than in the
Scombridee and Plecostei, and the posterior nostrils are wore or less elliptical
and o little larger than the anterior. In the Plecostei the snont is ca. I/3 the
Iength of the head, but it sceius rvather short, as the head is broad. In the
genus duxts the snont is vary short, being only ca. 14 the length of the
head. The Japanese name for the fishes of that genus is ¢ medika,” which
neans that the ceve is near the suont. The antrior nostrils are quite small,
and the posterior nostrils are mere slits.

The mouth is terminal, not protractile. Tu the Scombride it is rather
wide, the Lind end of the upper jaw reaching or passing beyvond the vertical
from the middle of the cve; and the margin of the upper jaw is wmostly
forn.ed by the preorbital. The supplementary bone to the maxillary is very
narrow and small in this fawily. In the Cybiide the wouth is very wide, the
posterior end of the npper jaw generally reaching hevond the posterior margin
of the eve. Bnt in Aeanthocybivin, Grammatorcynus, and (fymnosarda the
maxillary searcely reach the vertical from the center of the eye.  In dcanthocybinm
the preorbital forms the posterior pat of the uppar jaw.  The supplemwentary
bone tojthe maxillary las its posterior end rounded. In the Plecoster the
mouth is comparatively swall, the posterior end of the upper jaw not reaching
the vertical from the middle of the eve. The sopplementary bone to the
maxillary has a Iroad straight side at the posterior end.  An obliquely
downward grove in the skin from the gape of the month is deep and
conspicuous.

In the so-called scominoid fishes the teeth in the jaws are mranged in

one row only. They aie a little wore numerons in the upper than in the
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lower puv. They are formed i alveoles and are replaced by new ones coming
out between the old. In the Scombridie the teeth wro very mimte. Indeed
the Japaunese name “saba’” for the mackerel means minute tecth in our old
language. The vomerine teeth when prezent we wranged in two lateral
pitches, and the palatine teeth when present we in one row ouly. In the
Cvhiidie the teeth :we well developad, long, curved, laterally compressed, and
generslly trenchant at the edges.  Thus seerfishes awe voracions, and often Inut
fisherien and damage fishing appaatus too.  Teeth on the vomer and
palatines are villiforn.  Tu the Plecostei the teeth in juws wre small, conical
and curved. In the Thumnidwe villiformn  teeth are found on the vomer,
palatines, and pterygoids. Mesopterygoid teeth are remarkable, as they we
not found in the other fishes. Tu the Katsuwonidie the teeth are formd in
both jaws only; but in the genus FEulhynnus palatives and somectimes the
vomer too wre toothed. In these esses the teeth are arranged in one row
ouly, and they wre rather lLurge.

The eyes are comparatively swall in the Cybiide, Deing coutained more
than 7-10 times in the length of the lLead, and more than 30-40 times in
the total length of the body; Iut they are lwge in Gyanosarda.  In the
Scombridie and Plecostel the eves are lawge, being contained less thau 6-10
times in the head, and 18-27 times in the Dbody. In the Scombridie the
adipose eyelids are remarkably well developed. In the Cybiidie and Pleeosted
the evelids scarcely cover the eve-ball.  Thunnus germo and  Larathunnus
mebacki have large eyes, these tunnies descend to the deeper strata of waters.

The eve-capsules are well developed and more or less calcified in the Plecostei.

T.ATERAL TLINE.

The lateral line more or less mndnlates. In the Scombridw, however, the
undulation is insignificant, being nearly straight from the nape to the caudal
pedusele, running wmare or less parallel to the dorsal median line of the body,
and the perforated scales in the line are only a little modified from other
scales. In the Cybiidie the lateral line runs gencially paralled to the dorsal
median line of the body for some distance from the nape, and at the candal
part the lateral line nearly coineides with the lateral median line of the body.

These two portions of the lateral line are coumnected by an obligue portion.
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The position of this obligne portion is either under the first dorsal or under
the second. In fishes of this family the lateral line often sends out wany
Iranches on both sides (figs. 31, 32, 35), and these branches are vertical in
Acemtlocybivin, but oblique in  Cybivm. The perforated scales are larger,
thicker, sud greatly modified in their form, and they may also distinctly le
seen on the lateral keel of the candal peduncle, at the trenchant edge.

The lateral line of Cylbiwm koreanum (fiz. 35), C. yuttatum (fg. 61), Sarda
orientalis (fig. 83), and Gymnosarde nuda (fig. 37), differ more or less from
the typical form. Iu Grammatorcynus two lateral lines are found on each
side of the body (fig. 62). The upper lateral line seems to comrespond to
the normal lateral line, running parallel to the dorsal median line of the
body. The lower lateral line joins the upper with a right angle behind the
pectoral, and running down backward approaches the ventral median line, a
little Dehind the ventrals. Thence the line runs parallel to the ventral
mwedian live, and meats the upper lateral line, a little anterior to the lateral
keel.

In the Plecostei perforated scales are very little modified, and the
undulation of the lateral line is not much pronounced; bub it has a more or
less characteristic feature in different families. It is worthy of note that the
lateral Jine of the Thunnidwe always takes a peculiar course, above the pectoral
(figs. 43, 45-48). In this region the course of the lateral line is rather
difficult to trace, as the pores are indistinet, few in mumber. and much
separated from each other. The lateral line of Tlunnus orientalis is typical.
The lateral line of the Kafswwonidwe has only a slight risz above the pectoral,
and has small undulations at the caudal portion. KLUNZINGER (49) wiole in
the diagnosis of Thunnus thunnina as follows :—

“ Dic Secitenlinie bildet zuweilen eine Knickung mnach oben tiber der
Mitte der Brustflosse ; dann senkt sie sich, etwas unregelmissig wellig lanfend,
bis zur Mittellinie.”

This description is well adapted to the lateral line of tunmies, but not
proper for that of Dbonitos. Indeed the author confonnded immature \tunuics
with bouitos, identifving Orcynus seldegeli of STEINDACHNER (immature firm

of or common tunny) with Thynnus thunnina.
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SKIN AND SCALES.

The skin is thick aud well developed, and its deeper layer, the derwis,
i~ composed of several layers of oblique connective tissue, rummning in two
different divections, more or less perpendicular to eacli other, and alternatin g
in succession. The skin is more or less clastic, and extensile longitudinally,
bhut almost nonestensile transversely.  In the Scomlridie we count only two
layers of connective tissue in the skin, in the Cybiidas four layers, and in
the Plecostei about six layvers.

Seales  of the so-called scombroid fishes are generally deseribed as
exeloid, but most of them are imperfeetly ctenoid, as they are toothed at the
postirior margin, and have no striation or only faint striation at the surfac..
In the Scombridie scales are mnearly cyeloid, almost equal in size and form,
evervwlere in the body, except those seales on the sccond dorsal, anal, and
the widdle part of the candal fin. Seales in these parts are small and
slender. Tu the Cyhiidie scales arc small, thin, and are often conecealed nnder
the skin or disappear from the most part of the body. The diflerentintion of
scales is more marked than in the Scombridic ; those on the lateral line and
those near the dorsal and ventral median lines are longitudinally elongated
and densely crowded.  Seales at the pectoral region are larger and more or
less differentiated to form the corselet. In the Plecostei the corzelet is very
well developed. Seales in it are very thick, and it is covered by a tough
mewbrane, so that the pectoral region is doubly strengthened, probubly to
protect the thick portion of the cutancons blood-vessels, peenliar and very
important to the Plecostei. The scales on each side of the Dase of the first
dorsal ave pretty large, rhombic, and e arranged in several longitudinal
rows. Small elongated scales are found on the esternal side of th: pectoral,
and sometimes at the base of the ventrals and on the caudal. In the Plecostel
scales round the pectorals are small and elongated. In the Katsuwonidw
scales are not developed outside the corselet; but in an old striped bonito I
found ninute secales scattered here and there outside the corselet. These
scales are ronndish and have a few concentrie strie. In the Scombride and
Cybiidie small seales are found on the opercular bones; but in the Plecostei

these bLones nre entirely naked. Scales on the cheeks are much modified,
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elongate] and mranged as if radiating from the eve. In the Scomlnidiv these
seales are especially large and mequal in size.

The scales of the Scombridic are longitudinally striated near the posterior
margin, besides the strintion parallel to the posterior margin. Scales of the
Cybiidie are mostly concentrically striated, and those of the Plecos'ei are
mostly smooth at the surface and have a dentritic lumen inside. Very narrow
seales, arranged longitndinally and very thickly together, are found on the
second dorsal, candal and sometimes on the external surface of the pectoral,
contributing to strengthening these fins and at the same time to make their

smrface more smooth.

Fixs.

The fius are generally well developed, stout, rigid, and arc adapted for
swift locomotion. Some one says that the fins of the male fish are larger
than those of the female; hut I have no fact material to eorroborate it. Like
the development of other organs, fins are also best developed in the Plecostei.
In the Scombrida spines and rays in fins ave feeble, slender, and fin-rays are
transversely articulated as in most teleosteans. In adult forms of the Cybiidio
and the Plecostei, fin-rays are longitudinally divided at the distal end, hut not
articniated  transversely, except in the genus Grammatorcynus and in  the
ventrals. The ventral fins therefore seem to play a not very important part
In swimming in these fishes. The spines consist of single eonsolidated rods;
bnt the rays are composed of two lateral halves.

The first dorsal fin may Dbe entively folded into a groove. The other
median fins may more or less be divaricated in the Teleostei; but in the
Plecostei they are nearly solid, and their form and dimension is little altered.

The pectorals wre rather high in position, pretty well developed, and
when depressed each of them vests in a shallow depression, the dorsal margin
of which generally eoineides with the line, conneeting the centre of the eve
with the lateral median line of the ecaudal peduncle.

When the pectorals are in motion, they are spread ont horizontally and
their fore iargin lies in a straight line, perpendieular to the axis of the
body. Thus when we look at Tlunnus yermo, swimming in the sea, spreading

its extranrdinary long pectorals, we conceive a dragon-fly in flight, hence our
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fishermen eall the albacore ¢ tombo-shibi ”’, meaniug the dragon-fly tnnny. The
wmber of fin-rays in the pectoral is 18 in the genus Scomber, 19-24 in the
gems  Cybium, 25 in Gymnosards, 30-36 in the Thunnide, ea 30 in
Katswwonus and Eutlgmnus, and ea 25 in Auris, Thus in general the number
of fin-rays in the pectoral increases as the structare of the body becomes more
complicate, and again decreases as the structre degenerates. The expanse of
the pectoral is nearly mnehauged, though the number of rays is increased.
There is no doubt that the greater nnmber of fin-rays inereases the rigidity
of the fn itself. In the Scombrida the pectorals are small, triangular, and
are situated a little higher than in the Cybiide and Plecostei. In the
Cyhiida the pectorals are also small, often broad at the origin, and wore or
less crenulated at the ventral mewgin, as in Cybium niphowivm, C. guttatim
and Gymunosarda nuda. In Cybiwm clinense, however, the pectorals are large,
and rounded at the posterior margin (fiz. 34). The form is quite extra-
ordinary. In the Thunnidme the pectorals are generally long, reaching the
origin of‘ the second dorsal, and even pass beyond it. These fins gradually
tapering behind, are sabre-shaped. In the Katsnwonidie the pectorals are
small and triangular. They are pointed at the posterior dorsal end. In
Svrda and Plecostei a special elastic protnberance or rather a ridge is
developed at the inner or dorsal side of the root of pectorals to fit tightly to
a corresponding groove on each side of the body.

The ventrals are thoracie, mederate in size, always composed of one
spine and five fin-rays, and as in many other fishes fit to depressions of the
body when folded. These fins seem to be of seeondary importance, as their
fin-rays remain transversely artienlated, and they are redueed in size in the
Cybiide, being smaller than the anal, except in the genns Gymunosarda,

The dorsal is divided into two, first and sccond, and the posterior portion
of the latter is fwrther divided into many finlets. In the Scombride the
number of finlets is generally 5, in the Cybiidie 6-9, and in the Plecostei
S or 9. The first dorsal is never continnous with the second, and is formed
of several spines which when depressed are wholly received in a groove. The
tip of the spines of the first dorsal is flexible, and each spine has a liole at
the proximal end. In the Scombridie and also in the genus _Auxis of the

Katsnwonide, the two dorsals are separated by an interspace from the
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suppression of some posterior spines, and in these cases the first dorsal is
short but rather high, higher thau the second dorsal. The first dorsal of the
Scombridie originates from the myotome of the second vertebra, while that of
the other so-called scombroid fishes originates from the myotome of the first
vertebra. Therefore the origin of the first dorsal in the Scombride is well
behind the origin of the pectoral fin, while in the other groups the former
and the latter lie nearly in the same vertical. In the Scombridwe the spines
of the first dorsal are very feeble, and the first spine is shorter than the
second, which is generally the longest (figs. 28, 29). In the Cybiidwe the first
dorsal is generally low, long, mostly black, and its outline is more or less
convey, gradually deseending backwards (flgs. 31-37, 61, 62). The first spine
is not the longest as in the Scombridie. The fist dorsal of Acanthocybium
solandri differs from that of allied fishes in being broad and of nearly the
saie breadth throughout (fig. 31). In Cybium the height of the first dorsal
is 1/4-1/3 the height of the Dody. In the Tlecostei the first dorsal is
generally high and the outline of its dorsal posterior side is concave, and its
first spine is always longest and thickest, the following spines, though
deereasing rather rapidly in length arc also strong (figs. 43-4S). In the
genus Kalswwonus the height of the fist dorsal is Dest developed. The
longest spive is about 3/5 the height of the Dody. In other bonitos aud
most tunnies the height of the fist dorsal is contained about twice in the
height of the Dody.

The second dorsal and anal are nearly equal in form and size. The
former precedes the latter one myotome in Scomber and Cybium, and about
three myotomes in the Thunnide. Fin-rays of these fins grasp the distal
segment of the mterspinous hone between the proximal ends of their lateral
Lalves. In the Scombridem theze two median fins are respectively smaller
than the spinous dorsal, and fin-rays of these fins are feeble and transversely
artienlated.  In Scomber morcover an isolated spine is found before the anal
as in the Carangidie. In the Cybiidwm these two fins are pretty well developed,
generally hLigher than the fist dorsal, and their fin-rays are thick and
nonarticulated.  As some anterior fin-rays of these fins are well developed,
their form becomes falcate. They are pretty large, well developed in Cybium

koreanum (fig. 85) and C. guttatum (fig. 61); but are poorly developed and
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small in Aeanthocybium (fig. 31), (rammatorcynus (fig. 62), and Sarde (fig.
32). In the Thunnida these fins are faleate, conspicuously developed, and
interspinous  bones supporting fin-rays of these fins are remarkably broad.
In some forms of Neothuwimus macropterus these fins wre unusually  de-
veloped, brightly coloured, and their tips uearly touch the terminal points
of the caudal. In tunnics as well as in Cybivm these fins ;‘J,r:uhmlly clongte
with the age of the fish. In immature tuunies and also in Dhouitos the
second dorsal and anal are smaller than the fist dosral (figs. 43, 53-56).
These fins are very small in the Katsuwonidie, especially in the degenerated
genera, Luthynnus and Awxis.

The caudal fin is strong and lunate. Its two lobes are nearly equal in
size and form, but the upper lobe is often slightly larger. In the Scombridie
the fin-rays are soft, thin, and transversely articulated. In the Cybiide the
size of the caudal is comparatively large, and its fin-rays arve thick, and
non-articulated. The longest fin-ray in one lobe of the fin makes an angle
of ¢a60° with the longest in the other lobe. The fin-rays next on each side
of the median fin-ray project posteriorly at the middle (figs. 31, 36). In the
Thunnidee the fin-rays of the caudal are so thick and robust, that prehistoric
fishermen apparently used it for spear-heads. A specimen of such an im-
plement 21 em. long, carved from one of these fin-rays of owr common tunny,
was discovered by Mr. GrxsHicHI YENDO in a shell-mound in Mivatojima
near Sendai, Mivagi-ken. The angle made by the longest fin-rays in the two
lobes of the caudal is more than 90° in the Thunnide and Katsuwonid:e.
Tin-rays of the caudal of the striped honito are sometimes nsed as tooth-picks
after being cleaned und bleached. Among the so-called scombroid fishes in
our waters the candal fin is largest in Cylium chinense, the length of its upper
lobo being longer than the height of the body, and ea. 1/4 the length of the
body (fig. 34). T Cybium guttatuin (fig. 61) the caudal fin is also very large.

SKELETON.

The Scombride, Cybiide, and Plecostei differ a great deal from cach
other in the skeleton, the fundamental structure of the body. There seems to
be very little relation between the skeleton of the Scombridee and that of the
Cybiidee ; but the gradual transformation of the skeleton of the Cybiide to
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that of the Plecostei is obvious. The skeleton of the Scombridie is unique
in many respects, but it is more or less related to that of the Serranidwe, and
it has a remote relation to the Carangidie. The characters of the skeleton
of different scombroid fishes may well be nuderstood by comparing the middle
transverse sections of vertebra, shown in Pl XVI.

In the Scombride the skeleton is weak and brittlee. The cranial bones
are thin, and not firmly connected together at the anterior part. The
vertebree are notably small, and only a little differentiated in form in different
regions of the body (figs. 7, 30). They are rather loosely connected
and devoid of deep grooves. The nenral aud lemal spines, interspinous
bones, and suspensorinm of the mandible are narrow and slender. In the
Cybiide the skeleton is also brittle. The haemal spine is scarcely developed
in the precandal region (figs. 38-42). The neural spine of some anterior
precaudal vertebr is broad. Ixcept these broad neural spines, the remaining
neural and hiemal spines, and interspinous bounes are weak and slender. The
skeleton of Sarda (figs. 11, 42) and Gymnosardo (figs. 12. 38) approaches
the skeleton of the Plecostei in the development of the lateral keel, in the
vertebrae of the candal peduncle, and the inseparable connection of these
vertebro with each other.  Grooves and ridges in vertebra become conspienous,
and the substance of the vertebrae becomes hard and compact, as the fish is
more highly specialized.

In the Plecostei the skeleton is hard, compact, and the cranial bones are
very firmly connected. The vertebrie are comparatively large, have many deap
grooves, and their differcutiation in different regions is remarkable (figs. 15-15,
49-52, 57-60, 64). The neural and hwemal spines of the vertebral column
are thick and the interspinous bones are very broad. The development of long
hemal spines in the precaudal region is remarkable. The so-called inferior
foramen is very broad, especially in the Katsuwonidm, forming a basket-work
of the hwmal process. In this family the epihwemal spine or bony pedicle of
STARKS is partienlarly developed between the centrum of many vertebre and

their heemal arch.

SKULL.

In the scombroid fishes the skull is generally triangularly pyramidal, and



COMPARATTVE STUDY OIY SCOMBROID FISHIES, Sl

on the dorsal, posterior pawt we find five longitudinal ridges or crests.  The
median rvidge is continuons to the oceipital crest, separating the right and
left lateral muscles, and aflording the surface of insertion to the protractor
dorsalis at the posterior part.  The iuner vidge or temporal erest of Stanis
and cretes intermediares of Cuvier are found at the mid-dorsal bend of the
epaxial part of the lateral muscle, while the onter ridges or pterotie crests
separate the lateral muscle from the facial muscles.

In the Scombridiv the skull (fig. 30, a, b) is comparatively high, being
nearly as high as broad, and is gradually pointed towards the anterior end.
The lateral ridges on the dorsal sides of {he skull econverge forward, aud
disappear near the posterior margin of the frontals.  Morcover there is a paiv
of short, accessory crests on the external side of the temporal erests. The
ptevotic processes are stout, sharply pointed and mnontlexible. The temporal
and pterotic crests are separated by a deep furrow and are connected at the
posterior end with a newly vertical ridge. Nearly the anterior Talf of the

skull is directly under the skin, and is not covered by the lateral mnscle.

Fig. A. Median sazittal section of the skull. 1, Scomber juponicus; 2, Oybium niphonium; 3,
Thunnus orientalis; 4, Katswwonus pelamis. The first vertebra is anchylosed to the skull of
Thunnus,
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In the Cybiide the skull is elongated, low, and flat, especially in the
ventral, temporal region. Generally the length of the skull is contained more
than ];— times in its breadth. The dorsal crests are well developed, mostly
running more than half the length of the frontals, and nearly parallel to eael
other. TIn the Plecostei the skull is short, only a little longer than broad,
much broader than high, and we find high ridges and deep depressions on
its ventral side or the auditory region of Masttermax. The development of
these ridges and grooves differ greatly in different species. There are three
foramina on the dorsal side of the skull, cxcept in the genus Auwis. The
mner dorsal or temporal crests diverging furward, while the outer ridges are
converging ; but in the Katsuwonidie the inner vidges are nearly parallel to
cach other. The pterotic processes are long, flat, and flexible, especially in the
Katsuwonidae,  In the Cybhiidie and Plecostei the posterior ends of the temporal
and pterotic crests are connected with a straight ridge on each side of the
skull, and the space between these two crests is nearly flat.  In the Cybiidwe
and Plecostei the dorsal swface of the skull is almost cntirely covered with
the lateral muscle, except in the cases of Grammatorcynus, Acanthocylivm, and
Gymnosarde. Tn the Plecostei there is a special chamber, posterior to the
myodome, and below the basioccipital. The sides of the chamber are formed
by the parasphenoid. So I shall name this chamber the parasphenoidal
chamber. On the ventral side of the cranium, there are very deep depressions
in the otic region. These depressions are quite peculiar to the Plecostei.

The ctbmoid is a median bone, hounded by the frontals above, by the
prefrontals at the lateral and posterior sides, and by the vomer and para-
sphenoid helow. It has paired horn-like processes with a condylar surface for
the maxillary at their ventral swface. In the Scombride, however, the condylar
surface for the maxillary is found it the lateral ventral margin. The dorsal
exposed surface of the ethmoid is crescent-shaped or Y-shaped in the Cybiide ;
but it is more or less trapezoiddal in the Plecostei. The concavity at the front
edge of the exposed dorsal swrfacs of the ethwoid is to receive the premaxillary
processes.

The prefroutals are paired bounes, forming the anterior wall of the orbit,
and lic between the vomer, parasphenoid, ethmoid, and the anterior part of

the frontals. Generally they are massive, but in Scomber and Gymnosarda
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they arc thin bones, folded in different divections.  'The prefrontals are loosely
joined with each other, ns well as with other bones, exeept the vomer. They
are longer than browd, and have only one articnlating surface for the palatine
in the Scombride, and also in the Cybiidiv, except Swrde and Gymnosarda.
In these genern and also in the Plecostei the bones are nearly as long a3
broad, and have no articulating surfiees for the palatine. The olfaetory nerve
pwses through the middle of the prefrontal.

The vomer is an anterior median bone, thickened at the anterior end, hut
gradually attenuated behind. The bone lies below the puasphenoid, and is
joined to it at the posterior part, at the aunterior put it is joined to the
ethmwoid and prefrontals with suture.  The ventral surfaee of the thick anterior
end of the vomer is often concave, otherwise nearly flat and is armed with
villons tectl. These teeth are grouped generally n a median Jongitudinal
band ; but in Scomber they are grouped in paired separate patelies.

The froutals are large, paired bones, nniting witlh each other at the
median line, and forming a bridge over the orbit, they connect the brain-
case with the cthmoidal bones. Their anterior part is tlin, flat, and narrow,
while the posterior part is broad, and more or less bent dowunward. From
the eentre of the dorsal surface of eaeh bone, five strie radiate in all
directions. This central portion is thick. Anteriorly the frontals rest on the
entire dorsal surfaee of the prefrontals and the posterior put of the ethmoid.
Posteriovly they articulate with the supraoecipital, parietals, sphenoties, pterotics,
and alisphenoids.  In the scombroid fishes the frontals do not unite nor meet
closely with each other at the posterior end, just above the alisphenoid. In
the Scombiidic we find only a slit there, in some fishes of the Cybiidmo the
slit is pretty lauge (figs. 38-~40), and in the Plecostei it is large and always
conspicuous.  Before the shit or foramen the frontals unite with eaeh other at
the median Line. In the Scombridic the frontals before the slit are thin,
in the Cybiidre they e thiek, and in the DPlecostei holow. In the
Thunnicdie near the anterior half of the slit there is a pit with rongh walls
for the attachment of a lignment connecting the skin to the skull. In the
Cybiid:e and Plecostei the lateral external side of the frontal is raised and
very thick, while the internal side is raised to form a median erest, continuous

to the supraocccipital ecrest. Thus there is a broad furrow on the dorsal
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strfuce of the Tone. This character, however, is not found in Grammatorcynus.
In the Cybiidae there is a pair of accessory crests between the temporal and
pterotic crests, except in Sarda and Gymnosarda. And this accessory crest
is sitnated rather near the pterotic crest, and is not so conspicuous as in the
Scombridee.

The alisphenoids arve paived bones, forming the anterior part of the toor
of the Draiu-cavity. situated on Dboth sides of the ventral median foramen.
Grencrally they do not meet at the median line, but are separated by a large
foramen. They are hounded by the frontals at the anterior end, by the
splienotics at the exterior side, by the prootic and basisphenoid at the
posterior end, and by the supraoceipital at the dorsal side in Gymnosarde
and Dlecostei. The alisphenoids of the seombroid fishes never come in contact
with the prefrontals, though MasTERMAN (56) states that the alisphenoids of
the common Fuwopean tunny exstend from the prooties behind to the
prefrontals in front. Tn the Scomlwidwe the alisphenoids are a little louger
than Troad, nemly flat, and separated from the supraoceipital. In the
Cydiide the inner, anterior end of the alisphenoids is more or less turned
downward, and in Cyliwm wiphonium (fig. A 2) and C. koreanum these bones
weet in the anterior median liue, and are firmly joined together over the root
of the olfactory nerve. In the Thunnide (fig. A 3) the inner margin of the
alisphenoid is produced downward, and mcets with that of the opposite side
in the median line, to form a median veutral wall, separating the ventral
me ian foramen into two, the small anterior for the olfactory nerve, and the
large posterior for the optic. In the i.. suwonidee the alisphenoids end in o
thick pointed process produced along the ventral side of the frontals, and the
postevior part is divided into two lhorizoutal sheets. The ventral sheet ends
almost free ; but in Eutlynnus it meets with a special broad process of the
prootic. In the Cybiide and Plecostei the alisphienoid lias a dorsal branch
at the anterior end. This dorsal braneh and the anterior ventral branch grasp
the thickened end of the frontal. In the Seombridw the alisphenoids do not
reach the median wniting line of the frontals; Int in the Cybiide and
Plecostei they reach the posterior end of the median uniting line of the
frontals and ave produced a little further anteriorly below the frontals.

The parasphenoid is a very long bone, running nearly the whole length
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of the ventral median line of the skull, connecting the otie region with the
cthioidal bones. At the anterior end it rests on the vomer, and is very
firmly unted with it, and ot tho posterior end it is embraced by the ventral
sides of the basioceipital.  Tor the most part the parasphenoid is entirely
freo from other Tones. At the antevior part tho bone is more or less flattened
wih o dorsal median ridge, and is wnited to the prefrontals and ethimoid
above, At the posterior end of the free portion, the parasphenoid is rhombie
in cross-section, having a ventral median keel.  Near the posterior end the
Lone has two short Iateral wings to unite with the prootics. At the posterior
end, the Toue becomes thin, wide, and is bent upwards at the lateral sides.
Iu the Scombridie the parasphenoid is very slender, and in full grown forms
its posterior end nearly closes the foramen between the two ventral wings of
the basioceipital. A sharp ventral median ridge is found underneath tho otic
rogion.  In the Cybiidie the parasphenoid i3 rather road, forked at the hind
end, thus_leaving o small narrow foramen, which communicates with the
myodome. In the fishes of this family as well as of those of the Scombridae,
the posterior part of the parasphenoid is rather flat.  The ventral median
keel is searcely developed, exeept in Gymnosirda. In the Thnmidee the
dorsal median keel of the parasphenoid extends to a spot just below  the
basisphenoid, ' and is firmly united to the latter at the end of the keel
Gienerally there is a small ventral median hole near the posterior end of the
parasphenoid. Tt is remarkable that the parasplenoid is Dbroad in the
Plecostei, and is twmed upwards at the lateral margin of the posterior part,
thus forming a special tubulwr chamber, characteristic to the Plecostei. The
chamber lics below the myodome, and is connected to it with a narrow
longitudinal slit. Thus the brain-cavity of the Plecostei is much separated
from the base of the craninm. The chamber is narrow and pointed anterior-
ly, but diverges Lehind, and ends with an elliptical or roundish opeuning. TIn
tho Katsuwonidze the dorsal median keel of the parasphenoid is not conspienous
at the posterior end of the orbit. The parasphenoidal chamber is better
developed in this family than in the Thunnidie. In sbais the parasphenoid is
produced behind as a pair of long horns beyond the oeciput.  In the Katsuwo-
nidw the ventral mehian keel is better developed than in the Thunnidee,

The supraoceipital is o median Lone more or less elongated longitndinally,
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with a well developed occipital erest. The boue is bounded in front by the
frontals, and laterally by the parietals, epiotics, and sometimes by the
exoceipitals as well.  The posterior part of the bone gradually converges, and hies
apon the median sutare of the epiotics. The posterior slender portion is often
oxtended over the suture of the exoceipitals.  This bone has little characteristies
in different families.

The parictals are paired flat bones on hoth sides of the supraoceipital, and
rest on the sutural lines between the snpraoccipital, sphenotics, epiotics and
sometimes pterotics, taking almost no part in the formation of the roof of the
brain cavity. The parietals are surrounded in front by frontals, on the onter side
Ly the pterotics, on the immer side by the supraoccipital, and behind by the
epiotics.  The parictals are rather small, cach with a high, longitudinal erest
on the dorsal surface. The crest forms a part of the temporal crest, and is
continuons to the erest on the frontals in front, and to tho cpiotic process
hehind.  In the Scombridae the parietals are provided with two crests. In the
Cybiide the parietals are generally separated from the pterotics. In the
Thunnidie also the parietals do not wnite with the pterotics, at most some-
times touching with a corner above the sphenotics. In the Katsuwonide
the parictals are united to the ptorotics at the outer posterior side, and in
the genus Auxis the whole outer side of the former bone is bordered by the
Iatter, as in this genus the sphenoties do not appear at the dorsal surface of
the skull.

The sphenoties form a part of the lateral wall of the optic lobe, and at
the same time a part of the dorsal wall of the optic cavity, esternally
they arc a part of the articulating facet for the anterior head of the
hyomandibular, moreover forming the postorbital ridge. The sphenoties ave
bownded exterually by the frontals, alisphenoids, prootics, pterotics, parietals, and
epioties, and internally by frontals, alisphenoids, prooties, supraoceipital, and
sometimes epioties. In Rastrelliger the pavietals and pterotics are also found
round the sphenotics. The sphenotics are generally seen at the dorsal side of
the skall, hetween the pteroties and parictals.  In the Scombrida the sphenotics
are found at the dorsal, esternal side of the eranium, between the plerotie
crests.  The internal coneavity of these bones is snbdivided by a septnm. In

the Cybiidie the sphenotics are more or less ilattened bones and form a very
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small part in the lateral wall of the brain-eavity, geuerally with two concavi-
ties. In the Thumidie the sphenotic has a kuge concavity inside, and another
large one ontside.  The latter forms the Totton of o deep pit on the ventrad
sinrface of the eranium. The dorsal surface of the sphenotie, lying between
the temporal and pterotic erests, is divided into two, by a process of the
pavictal, extending over these bones and joining the anterior, internal corner
of the pterotic. In the Katsuwonidiv the sphenotics are uearly like those of
the Thunnidio; but they appear ouly o little at the dorsal swrface of the
craninm between the two lateral crests, or they do not appenr at all (Auwis).
Moreover at their ventral surface, we find o depression at the posterior, iuternad
COrner.

The basisphenoid is the smallest eranial bone, Y-shaped, mediau in
position, and lies between the prooties and alisplienoids on the cranial floor.
Tho median vertical process is laterally compressed, and is nnited to the
puasphenoid, thns dividing the mouth of the myodome into two. In the
Scombrideo the median process is very long, narrow, Imt in the Cybiidie and
Plecostet it is rather broad.

The epiotics form the dorsal posterior part of the periotic capsule, lying
on both sides of the posterior part of the supracceipital, wnd anterior to the
exoecipital. They are joined posteriorls to the exoceipitals with o rather
straight suture, externally to the pteroties, and anterviorly with the parietals,
and sometimes with the sphenotics. In the inner side of the cranial cavity,
the epiotics are bounded by the supraoccipital, prootics, and exoecipitals, mnd
sometimes by sphenotics as well.  They have each o rough prominent epiotie
process to unite with the flat dorsal process of the posttemporal. The epiotic
process is contimous to the temporal crest; but in Scomber the process and
the crest are separate.  In the Scombrida the epiotics are markedly prominent
as the external posterior ridge of these bones is vertieal as in the Serranidie
and Carangide; but in the Cybiida and Plecostei the ridge gradually slopes
downward and ontward. In the Cybiidie a deep groove or a camal is often
found in the internal side of the epiotic to reccive the anterior semiciveular
canal of the auditory organ. In Kufsuwonus we find a triangular process in
the internal side of the epiotic to sepurate the dorsal part of the anterior

semicircular canal. .
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The pterotics are rather thin, more or less elongated bones, forming the
lateral posterior corner of the skull, at the corner the lounes are pointed, and
more or less produced posteriorly to form the pterotic process. On the
veutral surface the Dbones have o large facette for the articulation of the
posterior portion of the hyomandibular. There is a protuberanee or a process
in the midway of the external margin. Anterior to the protuberanee the bone
formns the posterior part of the outer eramal crest. In the Scombride and
Cybiide the pterotics are flattened and comparatively narrow in the ventral
side, bnt in the Plecostei a special process is produced at the inner anterior
corner of the hyomandibular facette, Dbelow the ventral groove of the skull.
The lateral posterior corner of the pteroties is much produced in the Katsn-
wonidm ; but the process is not distinct in many forms of the Cybiidie.

The prooties. are seen from the ventral side of the skull only. They
meet very fimly at the ventral median line of the Dbrain-capsule. They are
bounded by all the eranial hones of the Drain-capsule, cxeept the parietals and
the supraoceipital. They are very irvegnlar in shape, and rather large. In
these bones we ean distingnish two lamellw, horizontal and vertieal. In the
Scombride and Cybiide the vertieal lamella is nearly smooth and oblique ; but
in the Plecostel the vertieal lamella is high, more ov less twisted, and is
moreover divided into two parts. Thesc two parts mect in a line over the
foramen jugulare in the Thunnide ; but in the Katsuwonide they are not two
independent processes in different plancs, and there is no forameu jugulare.
These boues form the wall of the medunlla oblongata and also receive the
ventral and  mearly horizontal part of the anterior camal of the anditory
organ. Generally speaking the bones are more or less flattened exte iorly,
Iut there are two or three decp grooves on the inmer side to receive the
greater part of the auditory organ. The foramen jugulare lies mpon the
Lorizontal bridge. In the Scombridie and Cybiidw the prootics take no part
in the formation of the liyomandibular cup.

The exoceipitals eorrespond without doubt to the newral spine of the
vertebra and proteet the anterior end of the spinal cord, enclosing the foramen
wagnum.  Eacli exoecipital has a large parnoceipital condyle. The bones may
be seen from the dorsal and ventral sides of the skull. 'They are bounded by

the epioties, opisthotics, prootics, and basioceipital, and sometimes a little by
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the supraoccipital and  pteroties.  1aeh exoceipital diverges anteriorly, and
extends also Iaterally in the Plecostei. . In the Scombricdio and (framan dorcypus
there is an impression of the chwiculn Hgament on the bone.  In the Cybiidae
and Plecostei the bone bewrs, on the dorsal side, an auxiliiwy internascular
bone near the foramen magnum, and sometimes anothar anxiliary one in o«
little anterior and superior position.  On the ventral side there is o lurge
fornmen for the exit of the vagus. In the Katsnsonidw the exoceipitals are
fused at the dorsal wargin to form o prominent dorsal median crest, which
lies just below the supraoceipital crest. The exoceipital erest is hest developed
in Awuais. On the inner side of the exoccipital, there are two or three grooves
anterior to the origin of the spinal cord to receive a purt of the auditory
organ.

The opisthotics are always found in the so-ealled scombroid fishes, and
arc generally scen from the dorsal as well as the ventral side of the
skull ; but in the Scombridie they do not appear at the dorsal side of the
sknll, except the articulating kuob for the posttemporal.  These bones lie on
the exterior side of the exoceipitals, and are bounded by the prootics and
pterotics on the anterior and exterior sides.  They form a part of the posterior
wall of the brain-ense.  They have o large rough process for the articnlation
of the hollow end of the lower process of the posttemporal on the dorsal side.

The basioccipital is a bone with a concave oceipital condyle hehind, and
a very deep concavity on the opposite side, lying just below the floor of the
fornmen magnmn.  The boue is bounded above by the exoccipitals, in front
by the prootics, and ventrally by the parasphenoid.  In the Scombridie and
Cybiidie it is a narrow bone with nearly parallel horizontal sides in the lateral
view. In the Plecostei the bone is produced ventrally below  the horizon of
the vertebral colummn.  This is casily understood if you compare the sideview
of skelctons of dificrent families in the accompauying plates.  The expanded
lateral wings of the basisphenoid overlap the posterior end of the parasphenoid
from outside, protecting the pavasphenoidal chaniber,

The nasals are more or less elongated flat bones, firnly joined to the
anterior margin of the frontals, and the anterior cnd of these boues rests on
the palatines.

The preorbitals are also flat, clongated bones with an wticulating surface
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at the dorsal margin to fit to a lateral ventral process of the prefrontal. The
dorsal margin of these bones is rather thick, but the ventral margin is very
thin. These bones protect the lower side of the eyes.

The suborbital ring of bones is more or less conspicrions in the Scombride,
but in the other groups of the so-called scombroid fishes the ring is inconspicuous,

as the bones of the ring are not mmch differentiated from scales on the cheek.

Jaw BoNEs.

In the Scombroid fishes the premaxillary is a long, curved bone, with a
long thick head. The bone becomes gradually narrow behind, and without
any marked prominence or groove. In the Scombridwe the bone is very thin,
slender, and its head is low and blunt. In the Cybiide it is massive, and
its head is also low. In that family in general the anterior end of the
premaxillary is sharply pointed and the dorsal tip of its head is oblique and
pointed. In the Plecostei the anterior head of the premasillay is large,
blunt, and thick, while the remaining paut is laterally compressed, and
comparatively narrow.

The maxillary is also a long, curved bone with a thick hollow head, lying
on the premasillwy. The shaft of the boune is thin and narrow at the
posterior end, but thick and grooved at the anterior part. In the Scombridw
the maxillary differs greatly from that of the other scombroid fishes. The
head is small, its excavation shallow, while the shaft is uniformly flat and
broad, and has an indentation at the posterior ventral margin. The dorsal as
well as the ventral margins of the bone are trenchant.  In the other scombroid
fishes the dorsal margin of the maxillary is generally rounded. In the Cybiidw
the head of the maxillwy is generally low, grooved at the ventral side for the
areater part, and the posterior end of the shaft is broad and flattened. In
the Plecostei the .maxillary has the head thicker and larger, and the dorsal
margin of the shaft is trenchant in the middle, the ventral margin more or
less grooved. The auxiliary Done to the maxillary, called jugal by DMasiEk-
AN, is very small, varrow, and insignificant in the Scombridwe; Dut in the
other families of the scombroid fishes it is comparatively large and broad. It
is pointed at the anterior end and attached to the dorsal posterior corner of

the maxillary.
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The palatine lics on the external side of the vomer and holds the hend
of the maxillary fast, with the bent and wnearly hifureated anterior end. In
the Scombrido the bone is unearly flat in the plane of the mesopterygoid ; hut
in the other scombroid fishes its free ventral margin is  generally armed with
teeth on o ridge, projecting and more or less vertical to the principal part [of
the palatine, and also to the pline of the mesopterygoid.

The pterygoid is gencrally a T-shaped bone, united to the palatine with
a slender horizontal shaft. The posterior end is expanded and joins to the
inuer side of the metapterygoid and quiudrate, with a rongh surface.

The mesopterygoid is a flat thin bone united to the palatine “wid
plerygoid, and rests on the parasphenoid with the internal free margin. s It is
very remarkable that tho bone is armed with an elliptieal pateh of :villous
teeth at its centre in the Thumnidie, as the bone is not armed with teeth in
other fishes.

The hyomandibular is a stout bone, with a broad upper portion, and o
more or Iess rod-like lower portion. The broader portion has three conspicuous
condyles, of which the anterior and middle are for the cranmwn, and the

posterior one for the opercle. In the Scombride the hyomandibular is Dbroad,

Fig. B. External view of the hyomandibular. 1, Scomber japonicus; 2, Acanthocylium solan-
dri; 3, Cybiwm niphonian; 4, Surda orientalis; 5, Neothunnus macroplerus; 6, Kalswiconus pelamis.
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and the anterior margin of the upper broad portion convex and entire. The
condylar protuberanees ave rvather small, not prominent, the anterior one
searccly produced beyond the broad lamellar part, but the posterior one
remarkably ontstretching behind.  Moreover these protuberances are nearly in
one planc. The stem of the hyomanlibular is grasped by the bifurcated end
of the wetapterygoid. In the Cyhiidwe the upper portion of the hyomandibular
becomes narrow, and the anterior condyle is couspicuously produeed beyond
the lamellar portion. The lower portion is rod-like, and the exterior longi-
tudinal ridge for the attachment of the preopercle is vather prominent, and is
produeed sometimes bevond the dorsal margin of the broad portion. The posterior
condyle approaches the middle coudyle, and the former is more or less turned
exteriorly. A small pointed process is found behind the middle condyle in
the secombroid fishes, except in wackercls. The anterior vertical margin of the
npper portion is free; but its lower margin is horizontal and dentate for the
articalation with the metapterygoid. In the Plecostei the lamellar portion
has become very narrow, but the lower articulating margin for the metapterygo.d
is broad, so that the lower margin greatly projects. The lower portion is beut
a little forward, and is flat and Droad, espeeially i the genws Awzis. The
exterior posterior longitudinal ridge for the attachment of the preoperele is
obliqne, and does not reach the dorsal margin of the broad part. The small
secondary ridge is developed behind the first, anl below the posterior condyle.
The last condyle is best developed and is turned esteriorly. The process
carrying the anterior condyle is more or less ronndish in cross-section in
Thunnus ; but more or less flattened in Puratlomnus and  Neothwnnus, =nd in
the Katsuwonidwe the process is turned at the dorsal and ventral margins. The
lower half of the hyomandibular is broad, flattened, and very thin in the
Katsnwonidie.

The metapterygoid is a broad bome, with the dovsal end bifureated to
grasp the stem of the hyomandibular, :ind borders the quadrate with a broad,
“smooth margin, being comneeted with a narrow intervening cartilage. The
shape of the bone differs only a little in different kinds of the seombroid
fishes. TIn Rustrelliger this bone is attached to the ptervgoid. 1n Scomber
the inner branchi of the bone extends even over the preopercle. Generally

speaking the bifarcation of the bone is not conspienons in the Cybiidwe. The
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metapterygoid and qnadrate are firmly connected by the intervention of tho
pterygoid and sympleetic, with which they nnite with zigzag sntiures at the
inmer side.

The quadrate is a flat triangnlar bone, with a stout, movable, saddle-
shaped joint at the anterior angle to mticnlats with the lower jaw. At the
lower side there is a shallow groove to receive th: lower, anterior portion of
the preoperele.

The symplectic is a small bone, styliform at the anterior portion which
is wedged into the lower part of the quadrate, wmore or less flattened ab the
posterior part, but thickened ab the lower margin, and connceted with the
lower end of hyomandibular by a cartilage.

The articular is a stont bone with a long pointed middle process which
is partly sheathed in the dentary, two diverging processes at the dorsal and
ventral sides, and a large eoneave articulating surface for the quadrate, above
the knob at the hind end.

The angular is a very small boue, firmly joined to the lower posterior
corner of the articular.

The deutary is laterally compressed, forked hehind, and always carries
only a single row of teeth at the trenchant edge. In the Scombridwe the
two branches diverge behind, the lower branch being equal to or a little
longer than the upper branch. Moreover the lower branch is broader than
the upper in Scomber. In the Cybiido the bone is comparatively narrow, not
diverging, and the lower branch is rather shorter and narrower than the
upper, except in Sorde and Gymnosarda. In these genora and also in the
Plecostei the bone diverges; bnt the lower branch is narrower than the

upper, and the two branches are nearly equal in length.

OPERCULAR BUNES.

The opercle is a flat bone, more or less trapezoidal in form, articulating
to the hyomandibular, and is sitnated behind the preopercle, and above the
suboperele.  The operele is rather larger, as the gill-opening is very wide. The
anterior angle of the bone is formed by the articular cup for the hyomandi-
bular, and the posterior angle is the dorsal cod of the line of union with tho

subopercle.  Generally the dorsal and ventral anterior margins and the diagonal,
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Fig. C. External view of the operele. 1, Scomber juponicus; 2. Cybium niplovism; 5. Savda
orientalis ; 4, Gymnosarde nudis; 5, Thunnus orvientalis ; 6, Auxis maru.

Fig. D. External view of the subopercle, 1, Scomber japonicus; 2, Cybium niphonium; 3,
Sarda orientalis; 4, Gymnosarda nude; 5, Thunnus aorientalis; 6, Neothunnus macroplerus ;
7, Katsuwonus pelamis ; 8, Auxis maru.
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connecting the auterior and posterior augles are strengthened by thick
ridges. In the Scombridm the opercle is thin, rather narrow, aud the lower
angle is acute, while the npper and posterior angles are rounded. The dorsal
posterior side has an indentation just above the posterior angle. The dorsal
portion i, e. the portion above the lorizoutal dingonal is smaller than the
ventral portion. The avticular cup is more or less romnded with o sharp tooth
at the anterior dorsal margin. In the Cybiidie the opercle is rather broad,
and more or less pentagonal. The dorsal portion is smaller and thinner than
the ventral.  The dorsal angle is rounded, and the posterior sides are more
or less scrated.  The ventral anterior side is not straight.  The articular cup
is narrow and clongate. In the Plecostei the operele is thin but firm, and
nearly quadrate in form, so that the dorsal and ventral portions are nearly
equal to cach other. The dorsal anterior side is concave. The articular cup
is cllipsoidal.

The subopercle is more or less triangular, its upper side being overlapped
by the opercle, and the anterior side by the interopercle, while the posterior
side remains free. In the Scombride the subopercle is very narrow, and
bifurcated at the dorsal end. The anterior branch is short and pointed. In
the Cybiidam the bone is broad, its anterior branch is also hroad and some-
times two-horned, exeept in Surde aud Gymnosarda. In the Thunnidwo the
anterior branch is abortive and the whole bone is nearly obovate. In Thunnus
orientalis and also in Th. thynnus of the Altantic, the subopercle is more or
less crenulated or concave at the anterior margin; but in other tunmies the
auterior margin of the subopercle is convex. In the Katsuwonidm the antcrior
branch is produced auteriorly and newly horizontally, ending with a blunt
end.

The interopercle is an ovate bone, forming the ventral free margiu of the
gill-cover with fine serrature. The bone is connected by a ligament to the
posterior end of the Iiyoid arch. The interoperele of Thunnus orientalis lws
its posterior margin convex, while that of the other Japanese tunnies has its
posterior margin nearly straight.

The preopercle is a large bent bone, of which the vertical Limb fits
closely against a groove of the outer margin of tho hyomandibular, and the
horizontal limb to the metapterygoid and quadrate. In the Scombridw this
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bone is the largest opercular bone, broadest at the middle, and tapering
gradually and nearly equally towards both estremities. In the Cybiid®
the horizontal imb is wide near the dorsal end. In the genus Cybium the
preopercle is very broad at the lower posterior angle. In the Thunnide the
horizontal Hmb is well developed; but smaller than the vertical. In the
Katsuwonide the horizontal limb is better developed than the vertical, and
both limbs taper nearly equally towards the extremities. The posterior and
ventral margins of the opercular bones are attenuated and roll inward when
dried.

Hyorp ARcH.

The glossohyal is a small median bone, embedded in the substance of
the tongue, with a narrow cartilage at the broad anterior end. In the
Scombride the bone is especially small, and more or less spatulate. In
the Cybiidze the bone is generally rod-like, thick at the proximal part; but in
Sarda orientalis it is spatulate. In Gymnosarda nude the glossohyal is nearly
covered from both sides with the iuner edge of paired semicircular dentigerous
ossicles. The front margin of the glossohyal is nearly straight in the
Plecostei. In the Thunnidee the glossohyal is spatulate, slightly concave above
and below, and constricted at the posterior end. In the Katsuwonid® the
bone is also spatulate, slightly concave in the cross-section.

The hypohyal forms the symphysis with its fellow of the other side

Yig. E. External view of the hyoid arch. 1, Raslrelliger chrysozonus; 2, Scomber
Japonicus; 3, Acanthocybinm solandri; 4, Cybium niphonium; 5, Sarda orientalis; 6, Gymnosarda
nuda; 7, Neollunnus macroplerus; 8, Halsuwonus pelamis.
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behind the glossoliyal, aund is composed of two picees, upper and lower. Tho
former is murow, while the Ilatter is brond. Im the Scombrilio the lower
picce has a pair of processes at the posterior margin, growing just in opposi-
tion, to grasp the anterior end of the ceratohyal. The inner process is broader
than the outer. In the Cybiidw the lower piece rest partly on the anterior
lower process of the ceratohyal. In the genus Cyliwm the posterior upper
corner of the upper piece is producad to a pointed process. In the Thunnidie
the npper picce is largely covered by the lower picce from the exterior side.
The posterior margin is nearly straight. In the Katsuwonidw the lower piece
has a posterior process which fits tightly to a horizontal slit at the anterior
part of the ceratohyal.

The ceratohyal is o long flat bone, broader at the posterior end. Tour
anterior branchiostegals are atteched to this bone. In the Scombridie and
Cybium, the dorsal swface of the ceratohyal is nearly straight, while in the
other scombroid fishies it is concave.

In the Scombridio the anterior margin of the ceratoliyal is nearly straight ;
but in the other scombroid fishes this bone has a long process from the
anterior lower margin. The ceratohyal is united with the epihyal by means
of many fine tectnn from Dboth bones, and also tho cartilage lying between
them. The teeth are larger and more nnmerous on the inner side. On the
external side and near the upper margin there is a narmow groove to reccive
blood-vessels. In the Cybiidie the ceratohyal unites with the epihyal by
means of long teeth on both the inner and outer sides, except in Suda and
Gymnosarda. In the Jatter genera the outer teeth are not found. The groove
for blood-vessels is distinct, and sometimes a part of the groove is pierced, as
in Cybiwm niphonium and Gymnosarda nuda. In the Thunnidw the tooth-like
processes for the articulation with the epihyal are found on the inuer side only,
as in Swrdo and Gymnosarda. At the ventral margin we find two or
three projectioss, which are inconspienous in the Cybiidee. The vascular groove
is indistinct, but in Zhunnus and Parathunnus o slit is found in the place.
In Neothunnus o groove or a slit is lardly visiblee. In the Katsuwonidw
tooth-like processes for artienlation are found on hoth sides. No slit nor
groove is found. Tooth-like processes at the ventral margin are rather

conspicuons.
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The epiliyal is a flat, triangular bone united anteriorly by means of long
and fine toothi-like processes with the ceratohyal, and posteriorly with a joint
to the stylohyal. This hone camies three Dranchiostegals. The vascular
groove near the upper margin is distinct in the Scombridwe and Cybiide; but
indistinet in the DPlecostei. The bone is short and broad in the Plecostei,
especially in the Katsuwonidee.

The interhyal is a small bone, connecting the hyoid arch through an
intervening cartilage with the hyomandibular and the symplectic. In the
Scombridse the bone is styliform, more or less flattened below, in the Cybiida
Iroad and more or less flattened, in the Thunnidwe flat, nearly triangular with
a lamellar extension on the posterior side, and in the Katsuwonide flattened,
and more or less rectangular in shape.

The wohyal is o median, laterally compressed, elongated bone gradually
widening posteriorly. It is joined to the hypolyals at the anterior end, but
free at the posterior end, funishing o swface for the attachment of the musele
of the isthmmus or the throat.

The branchiostegals are flat, slender, cuwrved bones, spanning the
membrancous fringe at the mouth of the gill-slit. They are seven in number,

and are longer, broader, and more curved posteriorly.

BRANCHIAL ARCHES.

The branchial arches snpport the gill-lamelle, aud are situated below
the cranim, enclosed within the lLiyoid arch. The general aspect of the
branchial arches seems to differ only a little in different groups of the
scombroid fishes; but if we examine these arches more closely, the difference
among the different groups becomes very distinet (fig. I).

The basibranchials (fiz. G) consist of three ossicles in o linear series
along the median line. The first is joined to the ceratohyals of the hyoid
arch by weans of a cartilaginous front end. The second is generally shortest,
and the third longest. The second has an oblique groove on each side for
the attachment of the first branchial arch. The third ossicle has also an
oblique groove for the attachment of tlie second branchinl arch near the
anterior end. In the Scombridie the basibranchials are narow, laterally

compressed, and more or less straight. The grooves for the attachment of
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Seomber japomicus Cybium niplonium Thuanus oricndalis Iatsiwwonus pelamis

Fig. ¥. Dorsal view of the branchial arches, and the side view of a detached gill-raker.

branchial arches do not reach the dorsal margin of basibranchials, so that the
upper margin of the basibranchials is Ingher than that of the Iranchial arches.
In Scomber joponieus the first basibranchial is nearly so short as the second,
and is bent a little downward. In Rustrelliyer clrysozonus the first basibranchial
is the longest, stinight at the dorsal margin, while the sccond and third are
short and uneaily equal in length. The third ossicle is hent downward at the
posterior half. In the Cybiide the grooves for thie attachment of Dhrauchial
arches reach the dorsal margin of the basibranchials. The anterior end of the
first basibranchial is more or less thickened. The second is bent downward
at the middle. In the Thnunide the groove for the attachment of branchial
arches are very deep and reach the dorsal margin of the basibranchials.
The third basibranchinl is horizontally flattened. In the Katsuwonidwe the
basibranchials are laterally compressed and narrow. The anterior half of the
first basibranelial ascends, and the third is bent downward near the posterior
end.

The branchial arches are armed with villous teeth, densely growing on
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Rastrelliger chrysozonus Cybiume  commerson

Thunnus orientalis Euthynnus yaito

Tig. G. Dorsal, lateral, and ventral views of the basibranchials.

small ealcareous pieces on these arches. In the Scombride the upper, anterior
part of the basibranchial ridge is almost naked, being protected with a few
calearcons dentigerous pieces. The villons teeth on the pharyngeal bones are
nearly cqual to those on the branchial arches, contrasting to the coarser teeth
on the former in the other scombroid fishes. In the Cybiide dentigerons pieces
are arranged in two rows, meeting at the dorsal median line of the branchial
arch. In the Plecostei two rows of dentigerons pieces meet near the internal
corner of the branchial arch.

The hypobranchials are short, joined to the sides of the second and third
basibranchials, and are grooved on the onter or ventral side. They are not
fonnd in the fourth arch.
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The ceratobranchials are very long, subequal in length, more or less curved
upward, and grooved on the venteal side.  They are narrow in the Scombride,
and narrow and compressed in the Cybiidee, especinlly in dAcanthocybium. In
the Thunnidwo they are more or less compressed at the anterior portion, but
rather flattencd at the posterior. In the Katsuwonidw they arve more flattened.

The epibranchials are short, much curved, and often twisted. They are
rather elongated in the Cybiidie. The curving and twisting of these ossicles
are remarkable in the Scombrida; but they are rather elongated in the
Cybiida.

The upper and lower pharyngeals arve Iwoad in the Scombridwe, but in

the other scombroid fishes they are nairow.

T’EcTorAL GIRDLE.

The peetoral givdle consists of a series of memliyane bones, connected with
the skull at the upper part, forming the anterior border of the abdominal
cavity, and at the same time supporting the pectoral fin, it receives the
hypaxial portion of the Iusteral muscle from the cephalic region and some
succeeding anterior myotomes.

The post-temporal is a small forked bone. The dorsal branch is flattened
and rests on the epiotic, while the ventral branch is artienlated to a median
knob of the opisthotic. The ventral branch is round or oblong in cross-
section and hollow at the anterior end. The Dbranch is produced to a short
process posteriorly. In the Scombridae we find a long free hifid process
between the dorsal and ventral branches and exterior to the dorsal branch.

In Adcanthocybium o similar forked auxiliavy process is found, partly
attached to the esterior side of the dorsal branch. In the other forms of the
Cybiide, the auxiliary process is not found, and the cross-section of the
ventral branch is oblong. The dorsal and ventral processes are connected
at their root with a thin lamella. The posterior lamellar portion of the bone is
produced forward very little. The interior ridge, continuous to the ventral
branch ends with a frec point in the genus Sarda.

In the Plecostei the post-temporal is well developed, and the interior ridge
continuous to the ventral process ends with a free process. In the Thunnidwe

the ventral branch is thick and rounded in cross-scetion. The lamellar portion
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has the front margin nearly vertical. In the Katsuwonidx the lower anterior
corner of the lamellar portion is well produced, except in the genus Euthynnus.

The supraclavicle is a small elliptical bone, more or less pointed at the
anterior end, and thickened at the lower margin. At the anterior part this
bone fits between the posterior process and the lamellar portion of the post-
temporal. The prineipal part of the supraclavicle rests on the dorsal estended
part of the clavicle. On the inner side of the neck of the supraclavicle a
strong lgament, which T shall eall the elavicular ligament, is inserted with a
broad attachment. The ligament connects the axial skeleton with the pectoral
girdle. In the Scombridee the anterior neck and the esterior vascular groove
are not conspicuons; but the imner ventral ridge is well developed. In the
Cybiido the neck is not distinet, except in Sirdda, neither is the inner ventral
ridge well developed. The vascalar groove is faint and found in the anterior
median part. In the Thnuuidie the neck and the inner ventral rvidge are very
couspicnous. The shallow, vasenlar groove is found at the posterior lower
margin. In the Katsuwonide the bone is nearly the same as in the preceding
family ; the vascular groove is deep and couspicnons. In Futlhyunus and
Auzis, moreover, a large tendon is inserted just behind the attachment of the
clavienlar ligament. The tendon is the terminns of a hypaxial small cone of
some anterior myotomes, abont five in number. ‘Thus the supraclavicle
is connected to the axial skeleton with o strong straight, transverse lgament,
and indirectly with a hypaxial, longitudinal tendon.

The clavicle is a large curved bone, broad at the dorsal end, thin and
pointed at the ventral end. The main stem consists of two wings, the exterior and
interior, which meet at the anterior margin. At the dorsal anterior corner there is
a pointed process. In the Scombridie the exterior wing is nearly vertieal to the
interior wing at the anterior part, and the lower anterior extremity is turned more
or less esternally. In the Cybiidwe the exterior wing is wide, and is Dent
backward with an acute angle, and the posterior margin of the exterior wing
is parallel to the interior wing. The anterior margin of the bone is mostly
rounded.  In the Thumnidio the exterior and interior wings meet in an angle
approaching a right angle, and the exterior wing is not well developed at the
lower half. The exterior wing is prodnced interiorly beyond the anterior

margin of the bone, at the dorsal part, with the same inclination. In the
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Katsuwonidio the exterior wing is newly vertieal to the interior wing, and
there is a groove along the external margin of the exterior wing.

Between the pointerd process and the posterior lameller part of the dorsal
nd of the cavicle there is a nwrow slit, through which the transverse
clyvienlar ligament, binding the axinl skeleton  with the supraclavicle passes.
The posterior margin of the pointed process is rounded and smooth.  To the
clavicnlar ligament, n small ligaiment jins ranuing along the anterior margin
of the hroad dorsal end of the clavicle.

The hypercoracoid is a small flat bone mrticulated to the clavicle at the
upper, interior side, and has o round foramen neawr the centre of the bone.
The hypocoracoid is mited to the hivpercoracoid above and also to the claviele
at the dorsal anterior cornr. In the Scombride this bone has an external
Iongitndinal keel, and the lower styliform process is long and narvow. In the
C'vhiidae the bone is broad and has a
median longitudinal groove, or rather
the bone is bent externally along the
longitudinal axis.  The lower proeess is
rather broad. In Cybiwm and Sarda
the central foramen is very small, bnt
it is large in Aeruthocybium and Gym-
nosaicda,  In the Plecostei the lower
process is  broad, unmiformly thin,
and folded more deeply than in
the Cybiidae. Four actinosts basalia
or brachial ossicles are found upm
the hypercoracoid and hypocoracoid

to support the pectoral fin. They

becolre  larger as  they approach
Fig. H. External view of the left lower

piece of the postclavicle.
1, Scomber japonicus ; 2, Cybium niphoninn is no foramen between the last ossicle
3, Thuanus orientalis ; 4, Katsmeonus pelamis.

posteriorly. In the Scombridae there

and the dorsal posterior process of
the hypercoracoid ; but in all the other scombroid fishes we find a foramen
there.

The postclaviele is composed of two pieces of bones, and protects the
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dorsal posterior base of the pectoral fin. The upper anterior piece is lamellar,
more or less kidney-shaped in outline, and is bent near the ventral posterior
end. Its ventral margin concave, and the dorsal convex. The lower posterior
piece is rather broad and lamellar at the anterior part, generally with an
ascending pointed process, and a long styliform process behind. This lower
piece (fig. H) has morc characteristics in different forms of fishes than the
upper. In the Scombridae the lamelliform portion is comparatively large, and
the styliform process suddenly narrows and bends upward. In the Cybii-
dae the styliform process is rather broad and straight, while the lamelli-
form portion is rather small and flattened. In the Plecostei the lamelliform
portion makes an angle with the styliform. In the Thuunidae the angle or
the bent portion is raised and thick, and the styliform portion very short. In
the Katsuwonidae the styliform portion seems as if joined to the lamelliform
portion, at the inner side near the ventral margin. The styliform portion

is long.

Prrvic GIRDLE.

The so-called pelvic girdle is a pair of bones united at the median Lne,
imbedded free in the ventral part of the abdominal wall. Each bone consists
of three parts:—anterior, external portion; anterior, internal portion; and
posterior styliform portion. The first named portion is largest, and serves for
the attachment of mmscles. The last two portions meet, with roughened sur-
faces, their fellows of the other side. The portion of the pelvic girdle where
the ventral fins articulate is thick and transverse. The anterior external por-
tion is most well developed and most complicated. In the posterior half of
the portion we distinguish three wings ;—exsternal, internal, and ventral.

In tho Scombridae the pelvie girdle is quite small. The anterior external
portion is elongated and bent npward, with its external and internal wings
meeting in one plane. The ventral wing is short and small. The anterior
internal portion is thin, slender, and has necarly the same length as the ventral
wing. The posterior styliform process is also very short. In the Cybiidac the
anterior external portion is long and straight, more or less vertical at the
anterior part, and the cross-section of the posterior part is triradiate. The

anterior internal portion is short and slender, about one-third of the external
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Fig. I. Left esternal view of the pelvic girdle.
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portion in length.  The
posterior styliform process
is rather short. In Gymno-
surda the external wing
of tho anterior external
portion is turned obliquely
towards the exsternal, ven-
tral side, and is not thicken-
ed nor folded at the
external margin. In  the
Thunnidae the pelvie givdle
is very strongly developed.
The anterior esternal por-
tion is hroad, rather thick,
and the dorsal oxterior
margin is  also thick and
folded. In this family the
extarnal and ventral wings
of the auntaior extanal
portion are nearly in one
plane, and the internal
wing is united to the
middle of the plane, formed
by the other two wings.

The esternal wing is folded

at the external margin.  The anterior internal portion is o little longer than the

ventral wing of the anterior esternal portion. In the Katsuwonidae the pelvie

girdle is more specialized. The anterior external portion is thin, and fan-shaped,

with a thick external margin. The anterior iuternal portion is more or less longer

than the outer, especially in Futhynnus and Auxis. The styliferm process is very

long and laterally compressed. Fin-rays are directly articulated to the thick

portion where the three different portions of the arch meet.
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VERTEBRAL COLUMN.

The genaal feature of the vertebral columm of the different types of the
scombroid fishes may casily be understood by examining Plate XIV, showing
the middle transverse section of vertebiac.

In the Scombridae (fig. 30) the mumber of vertebrae is not large, being
21 in total, and the number of the precaudal vertebrae is nearly the same as
that of the caundal. The vertebrac are small, longer than broad, nearly cqual
in size and form, and are articulated with cach other rather loozely by means
of short, small zygapophyses. In Seconder japonicus, however, the anterior
zygapophyses, both superior and inferior, are very broad in the candal vertebrae,
and their anterior margin is divided. The articulating surfaces of the first
vertebra with the skull are two, separate, and turned axially, just opposite to
the ordinary case. Thus a pair of stout processes at the dorsal corner of the first
vertebra  grasps the posterior end of the basioccipital (fig. 30, C). The newral
spine is nearly equally slender, throughout the whole length of the vertebral
colimn, and the first spine is never free. The anterior coucavity of the
vertelra is a little shallower than the posterior. The nenral and haemal spines
are nearly straight, oblique, and generally they are compressed anteroposteriorly.
"The parapophyses are not developed, and the haemal spine is searcely developed
in the precaadal region. Almost all the precandal vertebrae have their neural
canal divided into two. The lower canal is for the spinal cord, it is entirely
covered by a bony roof, separated from the upper canal for the dorsal ligament.
The lateral transverse ridge in the anterior precandal vertebrae is quite peculiar
to this family (fig. 7). The last vertebra is not fused with the hypural boues.

In the Cybiidae the total mumber of vertehrae is very variable, generally
over forty. The least number of them in my collection is thirty one in the
genus Grammatorcynus, and the maximum wumber sixty four in Aeanthoeybium
solandri.  The relative number of the precandal and candal vertebrac also
varies.  Generally the precaudal vertehrac ave less in nnmber than the candal.
Iw Aeanthocybivm solandri and Surda oriewtalis, however, the precandal vertebrac
are move nunerous, while in Sarda chilensis and Gymnosards nude the nuinber
of vertebrac in hoth regions is exactly the same. Vertebrac are generally very

short, disk-like near both estremities of the body (fiz. 41). In most vertebrae
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six longitudinal grooves are found ;—dorsal medinn, ventral median, and  two
pairs of lateral grooves (figs. 8-12). The vertebral colvmn of Aewithocybium
solandri (figs. 10, 39) and Cyliwm Lorcanum is diflerent from that of the other
foris in having three lateral grooves instead of two. The first neural spine is
not always fused to the centrn, nor forms a complete ring at the prosimal
part, for the spinal cord. In the genns Sarde, lowever, the detachable nenral
spine of the firsst vertebra forms a complate ring, Iheing fused at the lower end.
Some anterior neural spines are road and strong.  The other newral and liacimal
spines are slender and weak, and in the middle of the body thev unite to the
centrum of vertebrae alhost perpendicularly at least at their insertion (figs. 39,
41, 42), except in Cybivm clinense (fig. 40). They are not compressad laterally.
The last vertebra is coalesced with the hypural hones aud forms a lozenge
shaped boue, with a swall wediau noteh st the posterior margin.  Trausverse
processes are uot developed, but hacinal processes and haemal spines of some
length are found in mauy precaudal vertelnrae (fig. 35-42). Sowe of these
spines are trrned anterion]ly in Cylbium wiplonium and Gymnosarda nuda. The
hypural process of the last haemal spine is notably promiucut, and the
vertebrac i the candal peduncle are remarkably small, gradually narrowing
backwards, escept in the genera Swrda and Gymunosarda. Tu these genera
the hiypural process of the last haemal spine is narrow and the vertebrac of
the caudal peduucle are not modified in size, but in form, bhecoming quachrate
prismatic, with their newral and haewal spines hroad and flat, as we find in
the Plecostei.  These spiues projeet backward nearly horizoutally, and fimly lay
hold of the suceceding vertebra. In these vertebrac the lateral ridges are
remarkably developed to the lateral keels (figs. 11, 12). In these cases the
two vertebrue preceding the last vertebra are small and flattened anteroposte-
riorly and are capable of lateral movement. The inferior foramen is developed
in some caudal vertebrae ; hut generally it is siall and iuconspicuous, cspucially in
the genus Cyliwme.  In the superior zygnpophyses both the anterior and posterior
pairs are large. Tn the Scombridac and Cybiidae the haemal canal of precandal
vertebrae is suddenly reduced in calibre in some anterior vertebrae. This is
due to the exclusion of the cardinal vein from the hacmal canal.

In the Plecostei the total number of vertebrae is thirty nine, except in the
genus Katsviwonus, which has forty-one vatebrae. The vertebrae are articulated
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together so firmly that the vertcbral colummn allows hittle motion to either side.
The free lateral motion of the vertebral column is possible only at the root of
the caudal fin, where two vertebrac (the last but one and its antecedent) are
remarkably thin, and their neural and hacmal spines are long, diverging, and
flattened at the root. Generally the number of the precaudal vertebrae is nearly
equal to that of the eandal. The vertebrae are 18+21 in the Thunnidae, 20
+21 in the genus Katsmwonus, and in the other gencra of the Katsuwonidae
20419. The relative number of the precaudal and caudal vertebrae is often mis-
taken, as the haemal spine is also very well devecloped in the precandal vertebrac.
Morcover, it is rcmarkable that the hacmal spine of some anterior precaudal
vertebrac is turned forward in the Thunnidac (figs. 49-52, 64). In Auxis the
epihacmal spine is also turned forward in the candal region too. Thns
Katswiconus has the same number of caudal vertebrae as the Thumnidae, and
the number of the precandal vertebrac does not differ from that of the other
genera of the Katsuwonidae. In GUNTHER's catalogne less nnmbers of vertebrae
are rccorded; but this I am inclined to belicve to be erroneouns. Vertebrae
differ greatly in shape and structure in the different parts of the body. They
arc much modified near both extremities of the body; but they are com-
paratively simple and light at the middle. It is noteworthy that the haemal
spine is very well developed in some precaudal vertebrae too, so that when
ribs are detached it is rathar diflicult to distinguish them from caudal vartebrae.
However the haemal spinc of the precaudal vertebrae is broad, thin and laterally
compressed at the distal end, for the attachment of ribs, and it is of course
shorter than that of the anterior caudal vertebrae. Tt must be noticed also
that the haemal spine of some anterior precandal vertebrae is turned forward
(figs. 49-52). Each vertebra has a pair of short pointed lateral apopliyses at
the anterior margin of the insertion of the intermuscular bone, especially well
developed in the candal vertebrae. "These apophyses serve to keep the inter-
mmsculars fast to the vertebrac. The four pairs of zygapophyses are well
developed, of which the superior prezygapophyscs are best developed. In the
Thunnidae the transverse process is well developed in some precaudal vertebrae
(figs. 13, 49-52, 64). On the dorsal surface of these transverse processes, the
Tead of the intermuscular bones and ribs are inserted close together, the former

preceding the latter.  The haemal eanal is narrow in Thunnus and Parathunnus ;



COMPARATIVE STUDY OF SCOMBROID FISHIS. 339

but in Nesthunnus it is uearly equal to or broader than the diameter of the
vertebral column, and it is still wider in Kafsuiwonus and Eulhynnus (figs. 57, g ;
55, g). In the Katsuwonidae the eanal is separated from the vertebral column
by the development of a peculiar median proecss whieh I propose to name as
the epihacmal process. These proecesses as well as the neural, and haemal
processes are more or less laterally compressed.  The neural and haemal proeesses
are greatly bent baekward near the distal end in vertebrae of the middle
part of the vertebral column. In Auris the haemal eanal is not closed in the
precaudal region. In Tlunnus and Puratlhwnnns the haemal canal is closed in
the 10th vertebra; but in Neotlunnus in the 11th. In the Katsuwonidae the
canal is closed still further baek :—In Kulswwonus 12th, in Euthynnus 16th,
and in fuwis 21st.

In the Thunnidae the first vertebra is very short, and is always anchylosed to
the oceipital region with o zigzag suture, so firmly that many authors overlooked
its centrum, thongh they found the detachable nenral arelr belonging o it.  The
anterior margin of the fist nemral spine is not straight, Dbut notehed. In
the vertebrac of the Tlmnnidae the longitndinal grooves are conspicuous,
espeeially the lateral grooves. The vertebrac are massive, and are finely
striated  at the swrfaee, and the intermal part is alveolur. The inferior
foramen as well as the hacmal canal are very poorly deveoped in Zlunnus
and Paraflunnus ; nt in Neothunnus they are well developed in eaudal vertebrac.
In this family the transverse process is developed from the fourth vertebra.
It is well developed in the following three to five vertebrac, as a short, nearly
flat process with a more or less trenchant edge. In the Katsuwonidae the first
vertebra differs but little in size from the following vertebrae, and is less
firmly anehylosed to the skull, and at the same time the relation between its
centrum and the neural proeess is much closer, not easily separating from each
other. The lateral grooves of the vertebrae eommunicate with each other near
the axis in anterior vertebrae of the preeaudal region, and in Euthynnus and
Aweis (fig. 15) the ridges between these grooves are poorly developed or
disappearing, thus the vertebral eolumn is much more slender than in the
tonnies.  The mass of the vertebrae is greatly diminished, as the interior
alveolar part is nearly lost, leaving the hard, compaet, cortical layer ouly. The

surface of the vertebrae is nearly smootl. The inferior foramen is enormously
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developed, and js found in the precandal region as well in Natsuwonus and Euthyn-
nus (figs. 57, 58); but in Auxis the foramen is found poorly developed and in
a few posterior caudal vertebrac only. In this family a pair of special
protuberances appear in a few anterior vertebrae. These protuberances lie just
behind the superior zygapophyses, and they serve to furnish points of attach-
ment to a pair of strong tendons of the lateral muscle.

In the Plecostei the newral and haemal spines and other proeesses from
vertebrae for the mutual mrtienlation are well developed. The neural spine of
certain anterior vertebrac is Droad and rough for the insertion of uscles,
and in Donitos the neural arch of these vertebrae is perforated with numnerous
pores of different sizes. The other neural spines are long, slender, laterally
compressed, and nearly vertical to the vertebral columm at their origin.
The haemal spine is remarkably well developed in the precaudal region
in tunnies; but in bonitos the spine is scarcely developed in this region.
However a median spine of quite new origin makes its appemance in the
Katsuwonidae. It was fist deseribed Dy Stargs (69) wnder the name of
pedicle; hut I propose to name it the epihaemal process. The spine is
developed Detween the centrun and the haemal process or the haemal arel,
and is best developed in the posterior part of the precandal region. The anterior
superior zycapophyses of anterior precandal vertebrac are long, more or less
bent inward at the lower margin in the Thmnnidac; but they are more or less
triangular pyramidal in the Katsnwonidae, and there is an accessory zyga-
pophiyses as in the Scombridac. The anterosuperior zygapophyses in the
posterior portion of the vertebral column are clongated and flat, both in the
Thunuidae and Katsuwonidae ; but in the latter family the accessory zyga-
pophyses are formed beneath the ordinary zvaapophyses to clasp the posterior
superior zygapophyses between these two zygapophyses. In the Thunnidae the
inferior zygapophyses are short and pointed at the end, more or less diverging
from the middle of a vertebra, and they do not come into close contact
with those of the nest vertelra, as in the Cybiidae. In the Katsuwonidae,
lowever, the inferior zygapophyses of a vertebra are long and in close contact

with those of the next vertebrae.
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RiBs AND INTERMUSCULAR IBONES.

The ribs are developed along the internal anterior margin of the precandal
myotomes, on both sides of the abdominal cavity, running obliquely backward,
to a point where the myotome turns to bend anteriorly. Henee the length and
the direction of ribs are determined by the internal boundary lines of the npper
portion of the hypaxial half of the lateral muscle.  Generally the rib is developed
from the third vertebra and is united cither divectly to the centrum or to the
transverse process, or to the distal end of the hacmal process or the preceudal
hacmal spine.  Ribs near both extremities of the abdominal cavity are short ; but
the other ones arc nearly the same in length. They ave broad, and form the
roof of the abdeminal cavity, especially those at the anterior half of the series.

In the Scombridac the ribs are slender, roundish in eross-scction, nearly the
same in shape and lengtl, separated from each other, and reach quite near the
ventral median line (fig. 1). The intermuscular bones form a series of slender
bones between the epaxial and hypaxial portions of the lateral muscle, and
along the anterior surface of the myotome. They are well developed, shightly
curved in anterior precaudal vertebrae, their tips reaching the external surface
of the lateral mmscle, and are bent backward below the skin. The inter-
mosculars are developed from the first vertebra to about the twentieth in
Scomber japonicus. In the latter speeics the intermuscular bones are inserted
just at the base of the lmemal arch or process, and seven or eight anterior oues
are long enough to appear on the surface of the lateral mmscle. The tips of
these long intermuscular bones do not overlap each other, and they are at a
little distance above the lateral median line of the body (fig. 1). In the other
scombroid fishes tips of the intermuscular bones appear at the lateral median
line.

In the Cybiidae the ribs are generally slender, sutequal, and lie elose to, but
do not touch each other. In Acanthocybium solandri and Surda orientalis some
ribs are very broad. Intermuscular bones are found between some cephalic
myotomes too, and sometimes we find two pairs in the region, both on the
exoccipitals. In the genus Acanthocybium the intermusenlar bones except the first
are attached to the head of ribs, as was observed by STARKS, not on the centrum

as in the other scombroid fishes, and in this genus ounly the first rib is found on the
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second vertebra, instead of the third. In this family the tips of long anterior
intermuscular bones overlap each other at the external smrface of the lateral muscle.
In Cybiwm the intermusclar bones are scarcely developed in the caundal region
(fig. 6), and the anterior intermuscular bones are turned more or less upward.
In other scombroid fishes the intermuscular bones almost lic n one plane. In
Sarda intermuscular bones are very well developed. They are thick and long
in the anterior precandal region. In Acanthocybivin solandri the intermusenlar
bones are ten in number, and are found in the precandal region only; but in
Surda and Gymnosarda they are found in the eaudal part too.

In the Plecostei the ribs arve broad, dorsoventrally compressed, and
gradually attenuated towards the posterior, internal side. They lie close to
each other and do not hang down along the peritonenm, but they thatch the
roof of the abdominal cavity. In the Thunnidae the proximal portion of
onc or two ribs, lying just before and above the root of the cutaneous
artery, is very slender, so as not to obstruct the free passage of the blood. In a
large specimen of Tlunnus orientalis I found that the fifth and sisth ribs con-
sist of two parts. The short, slender, proximal part hies at the anterior slope
of the hypaxial portion of the lateral muscle, which is rather suddenly developed
from the myotome of the seventh vertebra. These are probably abnormal.
The intermuscular bones are developed from the ccphalic region to the caundal
region, and they arc wnited to the lateral median line of the vertebral column,
and each pair at the anterior margin of the centrum of each vertebra, except
in the first vertebra, in which these bones are attached to the neural arch.
These bones are long, slender, and their distal ends lie at the external surface
of the lateral mnscle in the anterior part of the body (figs. 2-5); bhut the
majority of themn have their distal end at the boundary between the superficial
dark red muscle and the profound dawrk red muscle. The intermusenlar bones
found anterior to the seventh vertebra are long, and appear on the surface of
the lateral muscle, while those posterior to the seventh vertebra become short
rather suddenly, and in the case of Katsuwonidae the last two to seven of
those intermusenlar bones are divided into two portions (fig. 5); the part
beyond the profound dark muscle is separate from the proximal part and these
two parts are connected with a lignment. Intermuscular bones on the third

and fourth vertebrac are fused to the dorsal side of the head of the respective
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ribs, and united ty those vertebrac.  In the Thunnidae the ends of somo
posterior ribs lie elose on both sides of the thick group of interspinous bones
of the anul, and in these the posterior pairs of one side run quite near their

follows of the other side.

INTERSPINOUS DONES.

In the skeleton of the median fins of the scombroid fishes, we distinguish
three types :—(1) that of the first dorsal, (2) that of the second dorsal and
annl, and (3) that of the dorsal and anal finlets. Iach interspinous bone
consists of the distal and proximal segments, and the Iatter segment is furnished
with lateral-and sagittal wings. The first internemral is the longest.

In the first dorsal, spines articulate with the proximal segment, 1chind the
wide, dorsally bent distal segment. The posterior end of the proximal
segment is also wide and dorsally bent, behind the point of articulation of the
dorsal spine. The esterior margin of these dorsally bent perts is often ser-
rated. These dorsally bent parts form the wall of the groove for the first
dorsal fin.

In the second dorsal and anal, the interspinous bones are anteroposteriorly
compressed, and the divided proximal end of spines or rays grasps the distal
segment, and articulates with the proximal segment.

In the region of the finlets, the interspinous bones are elongated antero-
posteriorly, often with the development of the middle segment. The distal
segment is very small, and is grasped by the proximal ends of fin-rays, and
articulates with the proximal segment.

Interspinous bones of the first dorsal and finlets ave generally found one
of each in each myotnne, but those of the second dorsal and anal are
generally two in each myotome. No spurions interspinous bones before
the first dorsal. The iuterspinons bone of the last finlet of the dorsal and
anal wants the proximal segment, and is attached to the posterior end of the
proximal segment of the preceding finlet.

In the Scombridac the interspinous bones are weak and narrow, and there
are some spurious bones bztween the two dorsals, one in every myotome, and
the free lower end of the interspinons bones of the first dorsal are inserted

between the tip of the neural spine of precaudal vertebrae. The anterior
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interspinous bones are inserted more than posterior ones. In Restrelliger the
interspinons bones carrying finlets have their sagittal wings well developed.

In the Cybiidae the lateral wings of the first dorsal interspinous bone
gradnally narrow towards the dorsal end. The distal segment of the fust
dorzal interspinous bone is a very small round ossicle. Anterior interspinous
bones are oblique, but those behind the middle of the vertebral column are
more or less vertical.

In the Plecostei (fig. 44) the first dorsal interspinons bhone is very well
developed with the lateral wings turned anteriorly, and the anterior sagittal
wing is very broad, but the lower part not developed, terminating at the
middle of the lateral wings at the axis. The distal segment in the first dorsal
i3 broad and twmed over upward, and the dorsal posterior end of the proximal
segment is also expanded Iaterally, cxcept a few anterior interspinous bones.
These expanded parts are tmned up, quite like the distal segments. Sowme posteri-

or interspinous bones of the fist dorsal are laterally compressed and want the
lateral wings. In the second dorsal proper the interspinous bones are com-

pressed anteroposteriorly and two of them are generally found in every myotome,
instead of one in the first dorsal. In the Carangidac two or three interspinous
bones are found in one myotome nnder the first dorsal. In each interspinous
bone the lateral wings are better developed than the sagittal wings. In the
second dorsal the distal segment is o small nmrow bone, inserted between
the bases of the two moicties of cach fin-ray. The exterior margin of
the lateral wings is strengthened by the development of accessory ridges. The
intarspinous bones of the snal fin differ more or less from those of the second
dorsal, and resemble rather the first dorsal. The first ventral interspinous
bone is longer than the succecding bones, and some anterior oues arc fused
together. Most of them have wide lateral wings but the sagittal wings are
not well developed. The lateral wings increase in width towards the free end,
and suddenly converge toward the pointed extremity. Two of these inter-
spinous bones are found in every myotome. Interspinous bones of the finlets
are quite alike in the dorsal and anal. They are more or less rod-like in the
Thunnidac ; but they have lateral as well as sagittal wings in the Katsuwonidae,
and in the posterior part the sagittal wings only are developed. The distal

segment of the interspinous bones of the second dorsal and anal is very small,
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and is inserted between the two moictics of the fin-ray.
The lateral margin of the distal segments and that of the dorsal posterior
end of the proximal segment are mostly serrated in the Tlmnnidae, but s

straight and entire in the Katsuwonidae.

MUSCULAR SYSTIM.

I have chiefly examined the lateral wnscle, the other nmscles were scarcely
touched.  The great Iateral muscle is originally composed of as many transverso
sagments as there are vertebrae, and each segment is attached internally to
the respective vertebra and its proeesses and  appendages,—neural and
haemal processes, ribs, and intermuscular bones.  The first three musele-
segments, however, do not correspond to the first three vertebrae, as these
three segments belong to the eephalie, or rather oceipital region, where we
find one or two ausiliary intermuscalar bones between them, in the Cybiidae
and  Plecostei. These cephalic myotomes are inserted between the  foramen
magnum and the pterotic processes of the craninm, and connects the skull with
the pectoral girdle. Hence the fonrth muscle-segment or myotome corresponds
to the body-segment of the first vertebra. DMoreover, some myotomes scem
sometimes to augment by subdivision, in fishes of the Katsuwonidae. In Auxis
one or two ausiliary myotomes are added in the hypasial half. Generally one
ausiliary myotome is added necar the boundary between the precandal and
caudal portions. When there is another eusiliary myotome, it is found in the
anterior part of the precandal region, where the cutancous artery appears to
the surface of the body. These anxiliary myotomes are not always bilaterally
symmetrical. Moreover two auxiliary myotomes are sometimes found in one
side, and only onc in the other. At the caudal region some myotomes are
coalesced and they arc much elongated anteriorly. The myotomes in the caudal
peduncle are united into one in the Plecostei, in the region where the lateral
keel makes its appearence in the vertebrae, and where the neural and haemal
processes arc broad and horizontal. Thus in the anterior part of the adult
fish, the number of myotomes is greater than that of the vertebrae, and in
the candal region the number is rednced from the conflnence. The cephalic
myotomes as well as some following nyotomes project anteriorly as a triangulal
mass, and their thin, dorsal hmb is bent forwards along the dorsal median
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line over the cranium. In the Plecostei cach myotome faithfully follows the
cowrse of the neural and hasmal processes to their ends, at the wmedian long-
itudinal plane, not separating from them on the way, as is found in some
teleostean  fishes.  Each myotome is bent in a zigzag line on the surface of
the body, and may Dbe separated into four parts, right, left, dorsal or epaxial,
and veutral or hiypaxial. The fwo lateral halves of the myotome are well
separated Dy a thick mewmbrane, aponewosis, spun on the asial skeleton and
its processes, and by the abdominal cavity. The membrane is very thick
in the Plecostei. The dorsal and ventral portions are separated by a
membrane of comnective-tissue, connecting intermuscular hones, tendous, and
ligaments.

In the Teleostel muscle-fibres are generally well discemmible from outside
cven in the last myotome (escept in the genus Surde); but in the Plecostel
many caudal myotomes are changed to tendons at the posterior, extaunl swface
(fig, 3). Therefore the extremity of the caudal portion looks bluish, when the
skin is removed. In the Plec stei nearly eight last myotomes seem to be
fused into one. In Auais the tendon of the last myotome is enormously
elongated anteriorly, reaching far beyond the anus, to about the middle of the
17th myotome (fig. 2).

The musenlar system, as may be supposed from other structures, is well
developed and much complicated in the Plecostei and allied fishes. The course
of the myotome rs at its external smface from the dorsal median line sharply
backward, then gently forward, and gently a little backward to the Iateral
median line; in the ventral half slightly forward, then, gently backward, and
lastly sharply forward (fig. 3). The backward bend at the lateral median
line is noteworthy in these fishes, in more primitive fishes the bend is not
found at all. The bend is sharper in the anterior portion than in the posterior
portion of the body. Indeed the zigzag comse at the surface becomes more sharply
bent as the position of the fish advances higher, and at the same time the conical
forward outgrowtl of the myotome is more clongated. The epaxial conical
outgrowth is longer than the hypaxial, aud is much more reduced in thickness.
Therefore we find many concentric eircles of myotomes in the eross-section of the
lateral muscle, 3 or 4 in the Scombridie, about 10 in the Cybiidae, and 10-
16 in the Plecostei (figs. 16-19). The backward bend of myotomes in the
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epaxiad nnd hypaxind portions has some breadth in the Scombridac and Cybiidiwo
(fig. 6), therefore we find two parallel traces of comnective-tissue fibres, which
comneet firly with the vertical aponcurosis, ensheathing the axial skeleton
from bLoth sides of it, just at the end of the nenral and heemal processes,
where the myotomes are very sharply bent.  In the Plecostei, however, myotomnes
are very thin at the points of external bending and they are inserted to the
axinl skeleton at one line of traees. In Cyblwn the number of econes of
myotomes in cross-section of the Interal muscle is only o little more mnuocrous
than in Scomlber, but in Swrde the number is almost as many us in the
Thamidae. At the anterior end of the body the apes of the cones is nearer
the axis than to the swrface of the body; but in the candal portion it gradually
approaches the surface. In the Katsnwonidne (fi. 19) o part of some anterior
myotomes envelopes a Iwrge tendinous chord from the second vertebra, or rather
a part of some anterior myotomes forms a small auxiliary cone of concentric
myotomes, which ends in a strong tendon attached to the sceond vertebra.
In Eulhynnus and Auxis another smaller auxiliary cone of myotomes round a
tendon is inserted into the supraclavicle (fig. 2).

Tu the Secombridac and Cyhiidae and also in the Katsuwonidae the dorsal
and ventral limbs of the myotome arc more or less wide at the insertion into
the median septom ; but in the Thunmnidae the dorsal and ventral limbs of the
wyotome are very thin.

The dorsal limh of some anterior myotomes always reaches the front margin
of the frontals in the Plecostei, Int in the Teleostei it is not always the case.

In fishes the median superficial lateral muscle is generally darker in
colonr. Its extent is sometimes very well defined, but sometimes more or less
indistinct. It is thin and narrow at the anterior part, but thick and wide at
the posterior. This dark coloured portion is triangular in cross-section, and is
bounded by membranes of connective tissne, which are united to the line
connecting the distal end of intermusenlar bones. In the Teleostei tendons of
the great lateral muscle are mostly found in the superficial dark coloured
portion; bnt in the Plecostei they are found in deeply seated dark coloured
muscles. The deeply seated dawk red portion of the lateral muscle is charac-
teristic to the Plecostei. It is called ¢ chiai ” or “chimi” in our country, from

very old times. In 1712 Ryoxax Terunia described “chiai” as being found
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in two bands in bonitos and tunnies, and being inferior in taste to the ordinary
muscles. In the Plecostei the ordinary flesh is remarkably reddish, as the
special superficial segmentary canals send a copious flow of blood into it (fig. 3).
The dark colour of the median superficial muscle is due to the rich snpply of
blood from segmentary arteries along the intermmuscular Dones. The darker
colour of the “chiai” portion is also dne to the same cause, but from a
different sourece.

In the Plecostei as the ordinary musecles are red coloured, the median
suparficial muscle as well as the deeply seated portion ronnd the axial skeleton
arc nearly blackish red as they receive more blood than the ordinary muscle.
The blackish red portion scarcely reaches the centre of the concentric circles in
the eross-section of the lateral muscle. In tmmies the blackish red portion does
not reach the vertebral column in the cpaxial portion, but in the hypaxial
portion it always reaches. This is well marked in the posterior portion of the
body. The blackish red portion is thin and flat at the anterior part of the body,
it then becomes gradually thick, thickest at the posterior part of the precaudal
region and then being compressed laterally moves towards the surface together
with the centre of the concentric cireles in the cross-section. The boundary of
the “chiai ” portion is quite distinct. In the process of curing, the curer
observes that the ““chiai” portion is liable to separate from the surrounding
portion. In the Katsuwonidae the epasial portion also reaches the axial skeleton
(fig. 19), and the hypaxial portion has a wide base for the insertion to the asial
skeleton as the dorsal aorta which snpplies blood to the ¢ chiai” portion is more
or less separated from the vertebral column by the development of the epibacimal
process. In this family the posterior part of the superficial lateral muscle is
not so dark as the deeper layer. This is dne to the fineness of the cntaneous
artery in the posterior part. The shape and volume of the ¢ chiai” portion
vary in different species. In the Thunnidae, Thunnus orientalis has a com-
paratively large voluminous dark red portion, but Neothunnus macropterus has
a small quantity of the dark red portion. In the Katsuwonidae the quantity
of dark red portion is comparatively large, especially in Auxis which has abont
one fourth of the lateral muscle dark coloured. In the ¢ chiai’ portion tendons
are well developed, especially in the epaxial portion and in the caudal portion
(fig. 2). In the Teleostei the most active part of tho lateral musele scems to



COMPATRATIVE STUDY OF SCOMBROID FISIIES. 349

ba the median superficial part, while in the Plecostei it scems to be the deeply
seated “cliai ™ portion. In the Teleostet the dark colonred portion gradually
becomes broader and thicker in the eaudal portion, passing beyond the limit
of the median superficial Iateral muscle. I lave examined and found that the
dark red portion contains about 7 times as much blood as the other portion
in Thunnus oriendalis, and about 15 times as much as in Parathwmwvs mebacli.
In Scomber japonicus the superficial red muscle contains almost 8 times as
much blood as the other flesh, and in  Cybium niphoniwn the superficial red
muscle contains 12-13 times as much blood as the ordinary flesh, which is
nearly colourless.

Histologically the dawrk red portion consists of uniform and fine fascicles,
with many capillavies among them, and their mucle-fibres are faiutly strinted,
more or less resembling the involuntary muscle-fibres. When the dried muscle
of tunnies or bonitos are broken transversely, the chial portion is rather rough
and not lustrous, while the other portion is quite smooth and conchoidal.

In the Katsuwonidac the chiai portion is better developed than in the
Thunnidae, and both the epaxial and hypaxial parts of it reach the vertebral
column, as the chiai portion has a wider base than in the tunnies, and as
the segmental blood-vessels nourishing the portion originate on each side of the
dorsal aorta and its plexus at
two points, a little above and
more or less below the verte-
bral column.

To the ventral side of the
vertebral column a  pair of
cylindrical muscles are insert-
ed to suspend the pharyns.
These muscles run obliquely

forwards from the vertebral

colamn.  These pharyngeal

muscles are inserted into the 3rd

Dark red portion Vascular plexus
and 4th vertebrae in Scomber Fig. J. Cross seetion of the lateral muscle, show-
ing the large fascicles of the ordinary portion on the

. right side, and fine dark coloured fascicles of the dark
liger chrysozonus, to the 3rd red portion on the left.

Japonicus, to the 4th in Rastiel-
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in Grammatorcynus bilineatus, to the 6th in  Cyliwm niphonium, to the 5th
and 6th in Swrda orientalis, to the 5th in Gymnosard: nuda, to the 5th in
Tlunnus germo, to the 5th and 6th in Thunnus orientalis and Neothunnus
macropterus, and to the 6th in Paratlavmwus melacki and Auxis.

In the Scombridae and Cybiidac weak short slender tendons are developed
from the root of each horizontal apophysis obliquely forward along the Dorder
of each miyotome and are firmly attached to the ventral side of the distal end
of the preceding apophysis and intersect with liganments ruming along those
processes.  In the Plecostei these tendons are mueh better developed, Deing
longer and more obliguely inelined, especially at the anterior and posterior ends
of the body. These tendons are split into two sheets of fine fibres at the
apex of the imtermmscnlar bones, and the sheets run dorsalward along the axial
sides of the superficial dark coloured muscle. These sheets are transformed to
the myocommata. The lateral tendons are not found from the middle part of
the Ilateral keel in the caundal portion.

Dr. Norro Ocata (53) found that the alcoholic extract from the chiai
portion of the muscle is valuable as an antigen in WASSERMANN'S reaction for
syplilis. In the Thunnidae the dorsal anterior end of the stomach is connected
with the roof of the body-cavity by means of a short, slender, median muscle.

In the telcostean fishes the quantity of flesh amounts to less than sisty
percent of the total weight of the body. but in the Plecostei it is more than
seventy percent, especially abundant in Thunnus germo, as in this species the
dorsal wall of the abdominal cavity is convex. This abundance of flesh is due
to the narrowness of the visceral cavity, or the great development of the
liypaxial portion of muscle in the precaundal region. Mr. G. Yvasy of the
Los Angeles Sca Food Packing Co. told me that 1 ton of Thunnvs gerno
produces 45 cases of cammed weat, while from Neothwwnus macropterus only 37

cases are produced.

LIGAMENTS AND TENDONS.

As the so-called scombroid fishes are generally active swinuers, they ave
rich in Hgaments and tendons, which are best developed and most complieated
in the Plecostei. A well developed ligament generally present in teleostomatous

fishes commects the shoulder-girdle with the axial skeleton. T shall distingnish
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this ligaent wnder the name of the clavicular lignment. It is inserted to the
imer side of the supraclavicle ot one end, and to the occipital region or to
one of the anterior vertebrae at the other.  Another ligmanent, commonly found
in the teleostenn fishes is Jong, situated i the spinal emnal; above the spinal
cord, thus comceting the vertebrac. A short median lignment commecting the
skin in the head to the frontals is peculine to the Thnmidae. A pair of
thin and short lignanents is fonnd hetween the first and sceond vertebrace in the
geuns Awris. Besides these there are many  ligmuents conneeting  different
parts of the skeleton.

Tendons are well  developed near both ends of the body, especially near
the tail, and in the fishes of the Natuwonidae., A longitudival tendon running
from the tail and forming the axis of a large mmnsenlar cone is very long in
Auxis (fig. 2). TIn this geuns two tendons forming the anterior extremities of
the two hypaxial eoncs of myotomes just helow the median septum between
the epaxial and hypaxial portions of the lateral nmscle are remarkable. The
external tendon is attached to the supraclavicle, just hehind the attachment of
the elavienlar ligament, aud thie internal to the large Interal tuberele of the
sccond vertebra.  Between every two body-segments we find a pair of tendons.
These tendons comneet the intermuscular bones, and ave joined at the abaxial end
to the myocommata. In the teleostean fishes these tendons are simple, but in
the plecostean fishes they are lenger and mneli more eomplicated, as they

make more acute angles with the vertebral eolunn.
NERYOUS SYSTEM AND SENSE ORGANS.

The brain-cavity of the scombroid fishes is small as in other teleo-
stomatous fishes, and the brain does not ocenpy even the whole of this small
eavity, being surrounded by a thiek layer of a fatty substance. Thus even a
tumy of en 40 kg has a brain as small as a man’s thumb. The brain of the
scombroid fishes does not differ mueh from the eommon type of the Drain of
the Telcostomi. The enormons development of the optical lobe and eerebellum
is striking. The nondevelopment of thie cerchral hemisphere is also remarkable.
In the Plecostei the optical lIobe has a very large groove on the ventral side,
as if the lobe is made Dy folding, when scen from that side. The groove is

especially remarkable in Auwris, in whieh o corresponding groove is found in the
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ventral side of the skull, in the otie region.
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Fig. K. Dorsal view of the brain.

1, Scomber japonicus; 2, Cybium niphonium ; 3, Thunnus orienfalis; 4, Thunnus germo;
5, Katsuwonus pelamis ; 6, Auxis maru (dorsal & lateral); 7, Euthynnus yaito.

In the Plecostei the brain is thicker than that of the Teleostei, and the
cerebellnm  covers the whole length of the brain, behind the prosencephalon.
The external surface of the prosencephalon and cerebellum is not flat. The
former is divided into four longitudinal lobes, and the latter into several areas
by the median longitndinal and transverse grooves.

Ganglia of the sympathetic nerve are found in the haemal canal, one in
cach body-segment, and when the eanal is filled with the vascular plexus, they
are erabedded in it.

The otolith is rather thick and the parts on cach side of the median groove
are nearly equal in the Scombridae. In the Cybiidac onc side is longer than
the other, and in Gymnosarda the longer side is very much clongated and is
nearly twice the length of the other. In the Thunnidae the otolith is straight,
and one side is much longer than the other. In the Katsuwonidae the otolith
is very slender and the parts on both sides of the groove are cqually well
developed, the hind end being more or less swollen.
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The olfactory organs are a pair of grooves in front of the eyes. Iach
groove or sac communicates with the exterior by a pair of pores, nostrils.
The anterior nostril is gencrally small, while the posterior is more or less
clongated, oblong in the Cybiidw, and quite a slit in tho Scombridac and
Plecostei. Beneath the anterior nostril, thero is a group of olfactory leaves,
about 80 in number, arranged radially, in the form of o rosette. In the
Scombridae two nostrils are situated rather near cach other, and the upper
wall of the olfactory cavity is uniformly thin. = There is a deep groove in the
floor of the cavity before the cthmoid, and just behind the olfactory rosette.
The cavity extends behind the groove. The inner opening of the posterior
nostril lics above the groove or before it.

In the Cybiidac the olfactory cavity is rather small, and the two mnostrils
are close together, the whole cavity is nearly filled with the rosctte of the
olfactory leaves. In this family the posterior nestril Hes more or less behind
the rosette. The dorsal wall of the cavity is thin, but the border of the inner
orificc of the posterior nostril is gencrally raised. DMorcover the dorsal wall is
thickened in Sorda. Generally the cavity does not extend behind the posterior
nostril, and there is a fleshy dam behind the rosctte and below the posterior
nostril.

In the Thunnidae there is a space behind the vosette, thus the two
nostrils are much separated. The anterior nostril is very minute. The rosette
of the olfactory leaves is high and occupies the whole height of the cavity.
The dorsal wall of the cavity is very thick.

In the Katsuwonidac the two nostrils are close together, and the cavity
is much more depressed than in the Thunnidae. The passage of the anterior
nostril is almost perpendicular to the swface of the head, while that of the
posterior is more or less turned obliquely. The former has the uniform calibre,
but the latter is wide at the inner orifice, and becomes gradually narrow towards
the outer orifice. Between these nostrils there is a narrow groove on the roof
of the olfactory cavity.

ABDOMINAL CAVITY.

In the Scowbridac the height of the abdominal cavity is morc than half
the height of the body, and the cavity lies just beneath the vertcbral columnm ;
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but in the Cybiidae the cavity is more or less scparated from the vertebral
column, from the development of the haemal processes in many precaudal
vertebrae. In the the Plecostei the coelomie cavity is low and narrow, as the
hacmal process of precaudal vertebrac is much better developed than in the
Cybiidac. The height of the eavity is less than its breadth, and its roof is
flat or convex, thatehed with a broad proximal portion of ribs, and protected
by the peritoneum, composed of thick Dhundles of connective tissue arising from
the distal end of the precaudal haemal spines, and interwoven with cach other
at their root. These bundles of conneetive tissue are inserted at the ventral
median line of the cavity, here too, their ends are imterwoven. Generally
speaking the visceral eavity of the scombroid fishes does mot extend to the
candal portion, though some posterior ribs push their way into the latere]
musele, beyond the peritoneum, and lie on cach side of the interhaemals. Thus
the length of the abdominal cavity may approximately be known by measuring
the distance of the anus from the gill-slit. In the gemms Aduxis, however, the
wenital gland extends beyond the origin of the anal, and grasps the inter-
haemals of the fin from both sides. Thus the abdominal cavity is also extended
backward beyond the anus with the genital glands.

In the Scombridae the peritonenm is often dark coloured as in Rastrelliger
and immature forms of Seomber probably owing to the body being broad, and
abdominal wall thin, nealy vertical, and the light seems to transmit more or
less ; but in adult forms of Seomber, Cybiidae, and Plecostei the peritoncum is
little affected by the light, as the abdominal wall is thick and is turned
obliquely downwards. Thus the peritoncum remains nearly colourless in these
groups. The peritonenm is developed round the visceral organs and envelops
them, and the generative organs, rectum, ete. are suspended from the dorsal
wall of the body-cavity by the peritoneum. The peritoncum is very thick ab

the posterior part of the body-cavity in Thunnus germo.

AIR-BLADDER.

The air-bladder is sometimes present and sometimes absent, and this is the
ease even among species of the same genus. The air-bladder is generally
absent in those fishes living always near the surface of the sea. Thus it is

entirely wanting in the fishes of the Katsuwonidae. Tt i3, however, rather
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diftienlt to understand that _leanflocybium which is always found near the
smface has a well developed air-bladder, while Cybium niphonium which has
a rather wide range of vertical distribution Incks it. The air-bladder is more
or less fusiform, aund generally thickened at the anterior purt.

In the Scombridac the air-bDladder is gencrally present, being absent in
Scomber scombrus only. In Scomber japonicus the air-bladder is fusiform,
narrow and pointed at both ends. It oceapies a little more than half the
length of the abdominal cavity. Tts wall is very thin.

In the Cybiidae the air-bladder is not found in  Cybium niphonium, C.
koreanum, and Sarda orientalis.  In  Gymnosarda nuda the air-bladder is
large and thick-walled.

o4

1

Fig. T.. Air-bladder of tunnies, 1, Thunnus germo (dorsal and side views);
2, Thunnus orientalis (dorsal and side views); 3, Parathunnus mebachi (dorsal
and side views); 4, Neofhunnus macropterus (ventral view).

In the Thumidae the development of the air-bladder is very interesting.
In Thunnus germo the air-bladder is narrow, but long, rmuming the whole
length of the abdominal cavity, and has a median dorsal swelling at the
anterior end.  In Thunnus ortentalis the air-bladder is triangular, very wide, and
straight at the anterior end, ocenpying the entire breadth of the abdominal cavity,
but it is short, and becomes gradually narrow behind, pointed at the posterior
end. Tt is a Httle longer than half the length of the abdominal cavity. The
external wall is uniformly thin. The internal wall is finely reticulated. At
the middle of the roof of the air-bDladder, there is a luge round hole, which

leads to an accessory conical cavity, extending from the hole behind to the
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posterior end of the principal cavity. At the anterior end of this upper
accessory cavity a vein pours to a segmentary vein. In iDmmatwe tunnies
the air-bladder is very small, and ahnost collapsed. The air-bladder of this
species has a pair of slight swellings along the anterior side.

In Parvathunnus mcbacki the air-bladder is a little narrower than the roof
of the abdominal cavity; but occupies the entire length of the cavity, at the
anterior end the air-bladder is divided into two large coeca, by the dorsal
aorta in the middle, and is separated by the cutancous arterics from the prineipal
cavity. The internal wall is finely reticulated.

In Neothunnus macroplerus the air-Dladder is nmrow, and is protected by
a very thick mass of comnective tissue from the ventral side. This thick mass
of connective tissue is utilized as a material in making glue. On the middle
of the dorsal wall a large vein is found with radiating venules from all sides.

The red gland is developed at the anterior part of the air-bladder, near the
point where the artery for the air-bladder cnters. The air-bladder of the Seomi-
bridae and Cybiidae receives blood from the dorsal aorta at several points, and
pours its venous blood to the posterior cardinal vein at several spots; but in
the Plecostei the arterial blood is received from a speciel branch of an artery,
running along the right hand side of the stomach, and the venous blood pours
to the candal or the posterior cardinal vein through a segmental vein. Thus
the arterial systom of the air-Dladder helongs to the axial system in the Scom-
bridac and Cybiidae, but to the visceral system in the Plecostei.

DIGESTIVE SYSTEM.

The mouth-cavity is black in the Scombridae, black or greyish in the
Cybiidae and Thumnidae, and silvery or colomless in the Katsuwonidae. The
tongue is small, narrow, and black in colour, and far behind the symphysis of
the lower jaw in the Scombridac ; broad, flat, and generally greyish in the Cybi-
idac; greyish in the Thunnidae; and silvery white, medium in size, and the
membrane at the lateral margins is tmmed upward in the Katsuwonidae. The
surface of the tongue is granulated in the genus Scomber, armed with villous
teeth in Gymnosurde and Thunnidae, and quite smooth in Acanthocybium, in
many species of the genus Cybium, and in the fishes of the Katsuwonidae.

The development of the gill-rakers on the branchial arches has a.close
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welation with the nature of food. The gill-vakers are strainers, and chiefly save
to prevent the escape of food from the branchial cleft, thus they are best developed
in the plankton-feeders, such as mackerels and bonitos ; but they ave poorly de-
veloped in voracions forms, sncli as scerfishes, and are entively wanting in
Acanthocybium. At the same time the gill-rakers may save “to prevent auy
solid particles from passing into the gill-clefts and clogeing or otherwise injuring
the branchial filaments.” Gill-rakers are best developed on the external side of
the fist branchial arch. They are long and bar the space between the operele
and the branchial arch.  Other series of gill-rakers are developed on the inter-
nal side and bar the intervals between branchial arches or the interval between
the bLranchial arch aund the lower pharyngeals. Gill-rakers on the external side
of the branchial arch arve directed forward, while those on the internal side ave
direeted backward. Gill-rakers le close to the branchial arch when the mouth
is closed ; but are separated and make angles with the branchial arch, when
the mouth is open. The inner or upper side of the gillrakers is rough, armed
with minute tooth-like prickles.

In the Katsuwonidae the gill-rakers on the internal side of the branchial
archies are well developed. The good development of gill-rakers on the upper
arm of the first and second branchial arches is remarkable.

In the Scombridae the gill-rakers are weak, longer than the gill-lamellae,
and very numerous and closely set. Each gill-raker has two rows of alternating
diverging flexible filaments, giving a villous appearance to the mouth-cavity.
In this family the gill-rakers on the inner side of each branchial arch are pretty
well developed.  In Rastrelliger the gill-rakers are enormously long, so that they
may be seen from the gape of the mouth. In the Cybiidae the gill-vakers are
shorter than the gill-lamellae, rod-like, and fow in number.  Fine but stont tooth-
like processes oun the inner side of the gill-rakers are in two or more rows. In
most species of this family esternal gill-rakers only are developed. In Sarda
chilensis, however, T found a few, small internal gill-rakers on the first gill-arch.

In the Plecostei the gill-rakers are thin, narvow lamellae with villous teeth
on the inner side. As the gill-rakers arc long, and the gape of the mouth wide,
the former may casily be seen in the latter. In the species in which the num-
ber of gill-rakers is large, they are well developed in other respects as well, so

that among the Japanese tunnies, Thunnus orientalis has the best developed gill-
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rakers, and in the genus Kafsuwonus the gill-rakers are better developed than
in the genus Zhunnus. The inner or axial side of gill-rakers and also caleare-
ous grains on branchial bones are covered with villous tecth. Teeth near the
ocsophagus are generally a little larger than others. Thus teeth on the lower
pharyngeals and the hypobranchial segment of the fourth branchial arch are
Jarger than those on other branchial hones.

Tn the Katsuwonidae the second, third, and fourth gill-arches carry numer-
ous, thin, elongated gill-rakers, also on the posterior side. In Katsuwonus, more-
over, the inner margin of the gill-rakers on the anterior margin undulates.

Stomach (figs. 8, 5, 6). In the Scombridae the stomach is a rather thin
walled, conical sae, suspended from the roof of the coclomic cavity of the peritonenm,
and weak longitudinal folds (about 16 in Scomber japonicus) are found near the
two orifices, pyloric and cardiac. The cardiac orificc is more or less constricted.
The pyloric orifice, situated about midway of the stomach is long and ascendiug,
i. e. turned anteriorly. It opens into the duodenum with a crescent-shaped
orifice, as its posterior wall is cnormously thickened. In the Cybiidae and
Plecostei the stomach is a very long conical sac, the posterior end of which al-
most reaches the anus. The pylorns, situated quite near the oesophagus, is on
the left side of the stomach, and is more or less turned posteriorly. The wall
of the stomach is thick, tough, and rich in deep, longitudinal folds, some of
which run into the pylorus. The food is chiefly digested in the sac-portion,
where the soft parts are almost entirely dissolved and the framework of the hard
skeleton is also broken to picces. The digestive fluid of the stomach is acid in
reaction, very powerful, soon dissolving the skin of fish or cuttle-fish, then muscles,
and lastly bones. The calcarcous portions of the skeleton are dissolved leaving
the cliondrous substance behind.  The gelatinous tissue or tunicine of pteropods,
tunicates, &e., jaws, pens, and lenses of cuttle-fish are scarcely changed in the
stomach. The stomach of tummics is very loosely covered ountside with the thick
peritonenm, and the blood-vessels to the stomach lie nnder the membrane.

The pylorus is more wmuscular than the sac-portion, and generally
rather short. Tt runs to the left side of the stomach. In the Scombridac and
in the majority of the remaining teleosts the pylorus is ascending. In the
Cybiidac the pylorus is slender, variable in length, and is more or less dilated
near the distal end, forming a special diverticulum, just before the bowundary
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with the duodenum.  In the Plecostet the pylorus is rounded or more or less
ovoidal, being thicker at the prosimal portion, and more or less twisted to
the right-hand side at the posterior end. The duodenum is separated from the
pylorus by a well marked coustriction, and suddenly dilates, henee it is more
or less sac-shaped. Tt is thin walled, widest just behind the pylorns, overlapping
the latter a little and becoming gradually naxrow. It is curved forward, tonching
the dorsal posterior surface of the liver, and is beut dorselward, then backward,
and lastly beuding to the right-hand side, passcs to the intestine. In more or
less tainted fish the dnodennm is the first to dissolve, probably by its own cn-
zymes, 1. . by the action of autolysis. To this portion of the intestine the pylo-
ric coecn and cystic duct open their apertures. The latter duct enters at tho
anterior side of the duodenum, just near the pylorus, while the former generally
open at the posterior side with many apertures, distributed in one or scveral
rows. The pyloric cocea are generally yellowish in colour.

Longitudinal folds of the stomach arc mostly about 20 in the Cybiidae, but
in the Thunnidae there are usmally 30-40, but in the Katsuwonidac they de-
crease in number again, to about 20 in Keafsuwonus, 12 in Euthynnus, and
nearly indistinet in fuxis. .

Pyloric cocca. In the Scombridae (fig. 1) the pyloric cocen wwre coarse,
numerous, and cach coccum communicates diveetly with the duodenum (Scomber),
or a few or several cocen coalesce at the root and open by a common orifice
(Rustrelliyer).  They are crowded in o long and more or less triangular tract on
the posterior or ventral side of the duodenum. Those cocca near the pylorns
are long, and their length gradually diminishes in proportion to the distance they
are from it. These numerons cocca are conneeted by loose connective tissne
traversing them.,

In the Cybiidae (fig. 6) and Plecostei (figs. 3, 5) the pyloric cocea are re-
markably well developed and assume a conspicnous size as a mass. The size
of each coecumn, however, becomes small as the development of the pylorie cocea
as an organ advances. In these groups of fish the coeca do not open directly
to the duodemum, but to its tubular ontgrowths of varying length. These tnbules
are dendritically branched, have a rather thin but tougl wall, and some longi-
tudinal grooves inside. They are more or less capable of distention. Each
branch of the pyloric tubules with tufts of cocca is cuclosed by a membrane of
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conneetive tissue, and the whole mass of the pyloric cocca is again cnelosed and
connected compactly by a common membrane, the peritoneum. 1In pylorie tulu-
lIes we find a viscous, milky fluid ; and somctimes hall digested particles of food
as well, when the stomach is glutted. DMr. YU Yorova examined for me the
natare of enzymes in the pylorie cocea of Neothunnus macroplerus, and obtained
the result that amylase and protease are present, but he ecould not detect the
presence of lipase. This result confirms other authors’ results of mvestigations,
and points ont that the chief function of the pylorie ecocen is digestive. In this
inquiry glandular portion only was used, so that therc was lLittle fear of mixing
of gastric juice.

In the Cybiidae the number of pylorie tubules is few (2-6), and small
one of them is often found on the anterior concave side. The coecal portion
is sparingly branched. Tn the Plecostet the number of pylorie tubules is a little
more numerous (5-10), and their short terminal branches caury tufts of simple
coeca. Two or three small tubules are found on the concave side of the pylorus
in the Katsuwonidae. In the Thunnidae the size of coeen is not uniform, those
near the distal end of the longest pyloric tubule being larger than others. The
tubule next to the pylorous is longest, and succeeding ones rather suddenly de-
crease in length. These tubules are generally disposed abt the posterior side in
a line along the entire length. Thenr orifices to the duodenum are variable in
size and form, being round, oblong, or somctimes slit-like.

Intestine. The duodenum is transfarred to the small intestine at the spot
where the alimentary canal is bent backward, i. e. at the junction of the
ascending and descending parts of the alimentary canal. The length of the
small intestine is very variable. It is short and straight in Grammatorcynus
and Katsuwonidae, and long and more or less folded in the Scombridae, Cybiidae
(exeept  Grammatoreynus) and Thunnidae. In  Rustreliger, some species of
Cybium, and fishes of the Thunnidae the intestine is comparatively and nearly
uniformly slender; but in these cases the intestine is always much elongated.
The intestinal tract is a little more slender than the doodenum. In the Katsu-
wonidne the small intestine is very short, being nearly eqnal in length with
that of the abdominal cavity. But the intestine is often thicker than the ree-
tum, and wany weak longitudinal folds are found in it. Sometimes the rectum

is thicker than the small intestine. In this family the intestine is nearly equal
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in length with the rectumn. The rectum is relatively long in Scomber too.
The Dhoumdary between the small intestine and the reetnm is indieated by »
trensverse ridge inside.  In the so ealled scombroid fishes the length of the in-
testine seems to have but little connection with the nature ef food, as voracions fishes
of the Cybiidae have often a long iutestine, folded soveral times, and fishes of tle
Katsuwonidae, which feed on wedium sized plankton, have a short, straight intes-
tine. Rustrelliger which is a plankton-feedar has o very long intestine, moro
than 5 times as long as the length of the abdominal eavity.  Usually the colonr of
the undigested ingredients of food differs in different tracts of the intestine.  In the

scombroid fishes the alimentary canal and genital and

urinary ducts open to a common  depression which is
very shallow and communicates to the esterior with an

clongated cleft. The anus, genital pore, and urinary

el

G
<

pore all open independently on respective papillae.  Of

these the anus is the largest. The posterior wall of

1, Scomber japonicus this cloaca-like space is more or less darker in colowr
2, Neothunnus macropterus

Fig. M. External aper. than the anterior.  When we handle the viscera of a

ture of lbe cloncal cavity
(enlarged), showing from
above the anal, gepital, and
urinary openings on the
respective papilla.

timny, more or less stale, with naked hands the wet
portion becomes itehy, and in certain people the contact
occasions small tumors of the skin. This is probably
due to the formation of ptomam. In the viscera of a stale fish we often find
small erystals on the external surface of the mass of the pylovic coeca.

Liver (figs. 2, 3,5, 6). The liver is a large brownish organ, generally
divided into threc lobes, and situated just behind the diaphragm, and covers
the anterior and ventral part of the stomach. In the Scombridae the live,
differs remarkably in form from the other allied fishes. It is a small, undividedr
more or less triangularly pyramidal organ, with three trenchant edses. Tt is
sitnated at the left, anterior corner of the abdominal cavity. The right hepatic
vein is found at the attenuated margin of the right, anterior corner. The
middle and right lobes are scarcely developed. In the Cybiidac we find three
lobes of the liver, but their respeetive size and form are variable. Gencrally
the right lobe which is scarcely developed in the Scombridae, is best deve-
loped, Dut the left and middle lobes arc poorly developed. In Gymnosarda,
however, the left lobe is Dest developed.
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Fig. N. Ixternal view of the liver. 1, Scomber japonicus; 2, Cybium nipkonium ;
3. Sarda orientalis; 4, Gymnosarda nuda; 5, Thunnus orientalis; G, Parathnnus mebachi;
7, Neothunnus macropterus; 8, Katsuwonus pelamis; 9, Futhynnus yaito ; 10, Auris maru.

In the Cybiidae as well as in Scombridac the surface and the outline of
the liver are smooth. In the Thuunidae the three lobes of the liver are sub-
equal, but in the Katsuwonidae the lobes of the liver are unequal in size, the
right lobe being best developed, and the left lobe is often not well defined.
In Thunnus (fig. 3) the external swrface of the liver is marked with fine venules
running very close together, and at the anterior middle portion of the liver,
near the spots of emergence of hepatic veins, the liver is very thin, being
composed of lepatic venules only. DMoreover the liver is divided into many

irregukw lobules at the margin as well as at the internal or axial side, where
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lurge masses of rete mirabilis of blood-vesscls are found. In Purathunnus the
esternal surface of the liver has a few short venules near the posterior margin;
but in Neothunnus no venules are found at the external surface. In these two
genern the lobes of the hiver are not deeply cut, und in the latter genus the
right lobe is a little longer than the other lobes. In Futhynnus and Auxis
(fig. 2) the right lobe of the liver is cnormously elongated, almost reaching the
anus, while the left lobe is often inconspicuons, being not separate” | a distinet
indentation from the middle lobe. In cuzis moreover dark and thick dendritic
figures of the hepatic vein arc clearly discernible on the external surface of the
liver.

The gall-bladder (figs. 1-3, 5, 6) is an cnormously eclongated sac, running
along the intestine, on the inner side of the right lobe of the liver. The
bladder becomes narrow at the anterior part and passes gradnally to the cystic
duet which is bent backward along the inner side of the middle lobe of the
liver, and opens to the duodenum with a narrow duet, ductus choledochus. To
the eystic duet three or more lepatie ducts open. These are more or less den-
dritically branched in the liver. In the Scombridae the gall-bladder is eclon-
gated and rceeives some slender ducts (3 in Scomber japonicus). In the Ka-
tsuwonidae the hepatic duct in the right lobe of the liver is very long, running
the whole length of the lobe. The gall-bladder is greenish in eolour, hut it
is sometimes purplish in a stale fish.

The spleen (figs. 1-3, 5, 6) is a compact, clongated body, more or less
compressed, and dark red or brownish in colour. It generally lies close to the
junction between the duodenum and the small intestine. It is rather small in
the Scombridac aud Cybiidae, but in the Thunnidae it is very well developed
and is attached to the anterior part of the fold of the small intestine, occupy-
ing the space enclosed by the duodenum, and the intestinal tract to the second
bend. In the Katsuwonidae the spleen is again small and lies exterior to the

intestine. In the genus Sarda the spleen is mmch sepawrated from the liver.

RESPIRATORY SYSTEM.

In the so-called scombroid fishes the gill-openings are very wide, extending
from the origin of the chin to the posterior ventral margin of the eranium,
and the branchiostegal membranes not being united at the anterior end, remaiu
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free from the isthmus. In the Scombridae we find a stight depression at the
posterior, dorsal margin of the gill-opening, just anterior tv the origin of the
pectoral.  This depression together with the soft flappy portion of the opercle
above it, make easy the escape of foul water from the gill-chamber. In Rastrel-
liyer, morcover, a slight depression or groove is found on the hind ventral mar-
agin of the gill-opening, or at the lower, anterior margin of the shoulder
girdle. Such structwees of the gill-opening as the flappy portion of the opercle
opposite to the slight depression of the gill-opening, and another depression
on the posterior ventral margin are often found in fishes of the Carangidae as
well, and we see that there is some relation between these two families.

The branchiostegals are slender, seven or eight in number, and the mem-
Iranes connecting them are rather wide and extensive. In the Scombridae the
branehiostegals are dissimilar in breadth and form, posterior ones becoming
broader and much more curved or bent.

In the Cybiidae the branchiostegals are slender, and the membrane connecting
them is extensile. In the Plecostei the posterior branchiostegals are more or
less broad, and the free margin of the membrane is much thickened, hence
tough from the development of connective tissue. The membrane is nonex-
tensile and remains fastened to the inner side of the opercle, a little removed
from its margin, like an inner rim of a lid to a base.

The psendobranchine are equally well developed in the Scombridae,
Cybiidae, and Plecostei.

The branchial lamellae ave very thin, and closcly set, nearly equally in
all scombroid fishes ; but their length and breadth vary greatly i different fami-
lies. Their length is proportional to the breadth of the opercle. In the Scom-
bridae the gill-lamellae are short and narrow, about half the length of the upper
arm of the first gill-arch. In the Cybiidae they are a little longer than half
the length of the upper arm of the first gill-avch, and in the Plecostei they ave
eqnal in length with the latter. In the Plecostei each branchial filament is
strengthened on the proximal, axial side of each gill-arch with many minute
transverse rods.

In Acanthocybium the branchial lamellne anastomose with each other as
i the Xiphiidae, but in the former the anastomosis is limited to the proximul

portion of the lamellae, not over the whole extent of the gills as in the latter.
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VASCULAR SYSTEM.

In the vascular system too, we find many very important points of differ-
coce among the scombroid fishes.  Iispecially the order Plecostel presents many
charactenistic fentures, remarkably different from all the other fishes. The chief
featnres of difference are the greater quantity of blood, greater number of blood-
vessels, and lavger heart. The most noteworthy difference is the development
of the cutaneous vaseular system, not found in the Teleostel, and peeunliar vas-
cnlar plesns in the lateral iwuscle, and enormously developed vascular plexus
under the liver, or in the haemal eanal.  Therefore we distinguish three differ-
ent systews of blood-cirenlation i the Plecostei, namely vertebral, visceral, and
cutaneons. These three systems have respectively w peeuliar feature in thoe
Plecostei ; but the peculiarity of the vertebral system is alternative with that
of the visceral. The eutaucous systam is very conspicuous and quite character-
istic to the Plecostei, and has o correlation with the presence of the dark red
portion of the lateral musele, round the vertebral columm from the development
of sheet-like vascular plesus. It is very remarkable that such a conspicuous
and peeuliar system of cireulation remained almost unknown to science. Thougli
the keen eyes of Couvier (12) discovered it in the common tumny of Europe,
he did not put mueh weight on it, so that he described it rather in passing
in the following lines :—

“Lorsqu’on a levé la pean du thon, on trouve sous la ligne laterale
nn grand vaisseau, qui donne de sa face externe, en dessus et en dessons,
beauconp de branches dans les muscles voisins. Sa face interne est cri-
blée d'un nombre infini d'orifices d’antres branches, qui vont se perdre
sur une membrane glandulense épaisse ”.

After CUVIER no one has studied nor even mentioned the peculiar blood-
vessels. In 1836, Escuricur and MULLER (19) published an interesting paper
on the peculiar plexus of Dlood-vessels among the viscera of the common
Buropean tunny. In that paper they give a figure, showing the origin of the
cutaneous arteries (Taf. IIT, fig. 3); but identified them with prejudice as the
axial arteries, and did not trace further. In 1915 I published a paper on the
peeulinr circulatory systew (44) in the “Suisan Gakkwai Ho” (Proceedings
of the Scientific Fishery Association) Vol. I, and in 1918 another paper in the
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Fig. 0. Dingram showing the vascular system of Thunnus orien'alis.
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same journal, Vol II (46).

Besides the peeuliar entaneous systein and vaseular plexnses on the inner
side of the liver described by Escunicur and MULLER there is another peeuliar
plexus in the haemal eanal of the vertebral column in Neothunnus and Ka-
tsuwonidae. In these fishes the vascular plexuses on the inner side of the
liver and fine hepatie veins on the onter side of the liver are wanting. There-
fore these hepatic plexuses seem to be the alternative of the plexuses in the
haemal eanal. Both the hepatic plexuses aud the plexuses in the haemal eanal
consist of blood-vessels entirely filled with blood-eorpuseles.

In the Plecostei the candal pedunele is very slender and full of strong
tendons, thus there is little space for the snre cireulation of blood, and here
blood-vessels find a safe passage in the substance of the vertebrae themselves.

The higher temperature of the body than the swrounding water, and
consequently great activity of fishes of the Pleecostei is undoubtedly due to the
pecaliar cirenlatory systems above deseribed.

Venous system.  In the Scombridae (fig. 1) the chief vertebral venous
system eonsists of the jugular veins, Cuvierian duets, posterior cardinal vein,
lateral vein, and segmental veins. The visceral system consists of the hepatic
veins, hepatic portal veins, and the genital veins from the gonads. The genital
veins nnite with the posterior cardinal vein separately. The posterior cardinal
vein lies below the dorsal aorta and commmnieates with the Cuvierian duct of
the right side. The segmental veins carry venouns blood along the newal and
haemal processes and intermmsenlar bones, generally in every other myctome,
alternating with segmental arteries. The venous blood from the surface of the
body is colleeted in these segmental veins, but chiefly in those running to the
inner surface of the wedge-shaped snperfieial reddish muscle and then along
intermuscnlar bones. These segmental veins ave short and small. The venous
blood in the lateral wall of the abdominal cavity is chiefly collected in the
segental veins along the peritonewn and pour to the posterior cardinal vein
at the root of the pleural ribs, and partly to the lateral veins running along
the ventral median line, collecting some inferior segmental veins in the antero-
inferior part of the lateral body wall. The Cuvierian ducts are large vertieal
ducts, running along the sides of the ocsophagus, hehind the perieardo-peritoneal

septum and join the sinns venosus.
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The venous system of the Cybiidae (fig. 6) is nearly similar to that of the
Scombridac ; but differs in the development of the remal portal system in the
precaudal region, where some segmental veins running along neural processes
and intermuscular bones are minutely divided in the kiduneys. Nearly at the
posterior end of the precandal region the cardinal vein leaves the haemal canal
and runs obliquely downward to clear some preceeding haemal arches and
short haemal spines and passes through the kidney, receiving namerous vennles
there and taking a more or less ascending course rejoins the dorsal aorta in
the hacwal canal. The segmental vein is not found in every segment, but
almost in every other segment, alternating with the segmental artery as in the
Scornbridae.

In the Plecostei the venous systemn differs greatly from that of the Tele-
ostei, as stated above, moreover there is a great variety in the system in
different forms of the order. In the genus TVwnnus, the most primitive type
of the Plecostei, the eutaneous system is best developed, and the vertebral system
is abortive, the posterior cardinal vein being wanting. A short, slender caudal
vein is found in the place of the posterior cardinal vein. The caudal vein
joins at the middle part to the transverse commissure of the cutaneous veins
and thus communicates indirectly with the Cnverian ducts. A pair of cutaneons
veins, are found on each side of the body, on the epaxial and hypaxial sides
of the lateral median line. These two veins run almost parallel, and quite neav
each other. They run deep into the myotome of the fourth vertebra, at the
hind margin of the myotome, and unite a little below the surface of the body.
The confluent vessel rnns obliquely anteriorly, passes under the prosimal slender
part of the third rib, and joins the Cuvierian duct of the respective side, after
collecting many renal venules. The right and left cntaneons veins are united
by a transverse comunissure in the candal portion. This transverse commissure
of the cutaneons vein is found in all the forms of the Thumnidae. Segmental
veins, both cutaneous and the vertebral, are found in every myotome.

In Paratlunnus (fig. 4) the cutaneous veins of Loth sides pass through the
myotome of the sixth vertebra, and each uniting to a large vein rnnning below
the fifth rib, pour into a transvers canal behind the pharyngeal muscles.
The transvers canal joins the right Cuvierian duet after uniting with a short

renal vein. The candal vein is very slender as in the genus Thunnus, and



5
bTM

BS

"INZI0 {UUaL o} JO BUI[INO DY) SMOTS dUI] PIOP O,
saonyr puv swadigpep g S stupd snwonmspoyy ‘e S snopdosomn snuunyjooy ‘e { vpugu smuwangmang ‘g
SN0 SRUURY L ] SIS UUNS00L L JO SUIAJSAS SROWIA SLOIUTIWO PUV [IQIAA O} Sursoys wwISeng q ‘Sf

OID FISHE

Y OF SCOMBI

UD

COMPARATIVE ST

TreTeY

VYT ey
. bt

o)

i o e e

L Yo s £ EINT T AT

e oA
R S
Yty e =y

T

L

s i
T ETIIV I

43

Rl
e B WEREl AT AN Sl ho &

B Kl

il

I k A_m mm /
| £ l
: | -

YT 0T

iAW TN

e
LRl T

SNSRI L NS AT

LA R LA P IE IR REN]




370 KAMAKICHI KISHINOUYE:

does not unite with the Covierian duct divectly. In this genus most of the
segmental veins running along the hacmal spines in the precandal region and
also in the anterior part of the candal region are divided into many venules
near the vertebral column, so that their blood does not return divectly to the
heart, but seems to be collected to venules above the vertebral column and in
the dark red portion of the lateral mmscle. This is very remarkable. The
segmental veins in the caudal region unite to a slender caudal vein.

In Neothunnus the posterior cardinal vein is very conspicuous, and gives
off a peculiar plexus in the haemal canal, and at last joins the right Cuvierian
duct. The cutaneons veins are united by an anterier transverse commissure as
in Puratlamnus, or sometimes each of them pour directly into the Cuvierian
duct of the respective side as in Tlunnus. A short slender renal vein runs
nnder the posterial cardinal vein and is nnited to it.

In the Katsuwonidae the vertebral venous system cousists of the posterior
cardinal vein, jugular veins, Cuvierian ducts, lateral veins, centaneons veins,
segmental veins, and subspinal plexus. The posterior cardinal vein is con-
nected with a remarkably well developed plexus of vemules in the haemal
canal and joins the right Cuvierian duct as in the genus Necthunnus. The
cutaneous veins do not join the Cuvicrian duct dircctly, nor are they united
by a transverse vessel in the thoracic region to the posterior cardinal vein,
but are divided to venal portals. Thus these cutancous veins differ from the
similar veins of the Thunnidae. Morcover the lower cutancous vein of this
family is not homologous to the lower branch of the cutancous vein of the
Thunnidae. The cpaxial and hypaxial veins originate in different myotomes
and they do not form a loop at the candal region, nor are they counected by
a transverse commissurc. In Kafsuwonus the epaxial and hypaxial entaneous
veins are nearly equal in size and length, and though they are not straight
they are ncarly cqually distant from the lateral median line of the body.
These veins ran anteriorly and to a deeper part of the body, passing through
the myotome of the fifth vertebra. The epaxial vein passes below the first rib,
while th: lower passes above it. These two veins reccive blood respectively
from the sheets of vasenlar plexus on the dorsal and ventral sides of the dark
red portion of the lateral muscle. In the other genera, Euthynnus and Auxis,

the epaxial cutancous vein is very thick and mms close and parallel to the
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lateral median line of the body, running to the deeper part of the body
between the myotomes of the fourth and fifth vertebrae. The chiof cutancons
segmental veins are wnited to the cpaxial eutancous vein, and sheets of
vascular plexus swrounding the dark red portion of the lateral mmsclo ave
connected with the vein.  The hypaxial cutaneons vein is remarkably short,
slender, and zigzag in its course, disappearing from the surfuce of the body
Just behind the postelaviele and hefore the myotome of the first vertebra. In
the Katsuwonidae the hypasial cutaueous vein always passes before and above
the first rib. The posterior cardinal vein leaves the haemnal canal from the
fourteenth vertebra or a still more backward position.  Anterior ty that point
the posterior cardinal vein is more or less sceparated from the dorsal aorta,
receiving several short but compuratively large veins at hoth sides of the
dorsal aorta, and these veins are formed from parallel venules of the vascular
plesus in the haemal canal or ¢ kwrochini 7 in Japanese. At the same point
an inferior posterior branch pius the posterior cardinal vein.  The branch is a
slender renal vein as in Neothunnus. The cardinal vein and the dovsal aorta
too are situated close to the lower side of the haemal canal, sending a thick
rod of vasenlar plesns above, which fills up the Dbroad cannl. The kuarochiai
appears from the segment of the fifth vertebra in Katsuwiconus, from that of the
sixth vertebra in Eutlyunus yaito, from that of the ninth in Neothunnus, and
tenth or twelfth in duzis. In the latter genuns the cpaxial cutaneous vein
passes between the two accessory cones of the lateral muscle (fig. 2).

The visceral venons system of the Plecostet consists of some hepatic portal
veins, hepatie veins, and genital veins. The chief difference from the Cybiidae
and Scombridae lies in the genital veins, which directly jom the Cuvierian
dnets. In the Thumidae the hepatie portal veins are more or less divided
mto plexnses or parallel venules before entering the liver. The plesus is most
remarkably developed i Thunnus. In this genns the venules are interlaced
with arterioles of the cocline artery. Each plexus is as large as a fist, and is
more or less conical. In another genns, Paruthunnus, only venules are found in
the plexns, consequently the plexus is thin, clongated, and in the genus Neotlunnus
the plexns is not found at all, bnt instead of a single trunk, the hepatie
portal veins are composed of several parallel venules. Concomitantly with the

development of the peenliar plesns on the internal side of the liver, the
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hepatic veins are divided very finely and run quite near the esternal surface
of the liver. In Paratlunnus venules of the hepatic veins on the esternal
surface of the liver are rather short and sparce, while in Neothunnus venules
of the hepatie veins are few, large and are not found at the external surface
of the liver. In immature forms of our common twmy veuules on the surface
of the liver are short, remarkably shorter than in the adult. Tn the Katsuwonidae
ncither the plexus nor the parallel venules among the viscera nor those on
the external swface of the liver are found. In Awals, however, black dendritie
figures of the hepatic veins are noteworthy on the external smface of the liver.
In FEutlynnus and Auxis the right lobe of the liver is elongated, and hepatic
portal veins from the pyloric coeca run in many transverse canals to the lobe.

Heart.  The heart lies just before the pericardo-peritoneal septum, in a
more or less conical space, enclosed and protected by the lower pharyngeals,
clavicles, and pelvie girdle. The organ cousists of a sinus veuosus, auricle,
ventriele, and bulbus arteriosus. The sinus venesus is thin-walled and spacious,
formed by the wnion of the Cuvicrian ducts below the oesophagus. The sinous
comnmuuicates with the auricle by a round opening. The auricle is a more or
less flattened sac with o triangular outline, covering the dorsal anterior face
of the ventricle. The mner side of its wall is retienlated with muscle bundles.
The ventricle is firm, thiek walled, more or less tetrahedral in shape, with an
anterior vertes, ventral edge, and posterior base. In the anterior dorsal face
the ventricle is connected with the preceding chambers. Thus here the comse
of blood-cireulation is ehanged. The posterior face or the base is flat or rather
o little concave. The bulbus arteriosus is o laterally compressed sae, ovoidal
in form, with a well developed muscular wall. The sinu-ventricular orifice is
elliptical with two large pocket-shaped valves, while the auriculi-ventricular
orifice is roundish, guarded with fouwr hood-like valves. The size of the leart
is remarkably large in the Plecostei as it propels more blood than in the
Teleostei. The form of the heart is different in the Plecostei, the hase of the
ventricle is nearly vertical in the order, while in the Scombridae and Cybiidae
it is oblique.

Avterinl system. The bulbus arteriosus gradually passes to the short
ventral aorta which gives off four pairs of afferent Dranchial arteries. The

acrinted blood in the gill-arches is mostly carried dorsalwards to the efterent
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Fig, Q. Diagrams showing the arterinl system of the scombroid fishes.

The upper row represents the anterior part of the visceral arterial system, showing the ori-
gin of efferent branchial arteries, coelinco-mesenteric artery, and eutaneous arteries. The Roman
aumerals Genote the cardinal number of vertebrae. The other rows represent the visceral arterial
system. «, Scomber japoricws; b, Cybiwn niphontum ; ¢, Sarda orientalis; d, Thunnus germo ;
2, Thunnus orintalis;  f, Parathunnus mebacki;  y, Nothuanus macropterus; &, Neothunnus
rarus ;o Katswweonus pelwnis @ j, Euthynnus yaito.
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Dranchial arteries, but a very small portion is sent veuntralwards Dbeneath the
ventral aorta to form the hypobranchial artery, unappropriately named, which
nourishes the heart, ventral fins, and the ventral carinales. In the Katsuwonidae
this artery is divided into paired branches behind the ventral fins. A slender
artery runs backwards just above the ventral aorta to nourish the heart. The
artery is formed by the union of branches of downward efferent branchial
arteries in the third gill-arches. A part of the blood in the efferent Lranchial
arteries is conveyed anteriorly by the carotid arteries to the cephalic region,
but the greater part of the blood is carried backwards by the dorsal aorta.

To the vertebral system arising from the dorsal aorta belong the renal
arteries, subclavian, and in the ecase of the Plecostei, the cutaneous arteries.
The subeclavian arteries arise near the the root of the coelinco-mesenteric artery
in front of the pharyngeal muscles. They are short, and are soon divided
into two branches, anterior and posterior. The posterior branch running
obliquely backward becomes the subelavian or brachial artery for the pectoral
fin. The artery is divided again into two or more, the exterior one of which
goes to the extensor, the interior one to the retractor muscle of the pectoral
fin, The segmental arteries are given off along the intermuscular bones, and
also along neural and haemal spines. In the Scombridae and Cybiidae these
segmental arteries are generally found in every other segment of the body.
In the Plecostei, however, they are generally found in- every segment. In
the Cybiidae nearly all the precaudal hypaxial bramches of the dorsal aorta
give off shoit, dendritic renal arteries (fig. 6). In the Plecostei (figs. 4, 5)
only lorizontal segmental arteries are found in pairs in almost every segment
of the Dody, and nourish the dark red portion of the lateral muscle, lying
above the median horizontal network of the oblique tendons.  Generally speak-
ing the cutaneous arterics together with the median horizontal segmental arteries
are the source of activity of plecostean fishes. In the Scombridae and Cybiidac
these arteries are generally found in every other segment, but in the Plecostei
they are found In every segment.

The cutancous arterial system consists of one or two large trunks running
near the lateral median line of the body, originating in the pectoral region,
Lehind  the pharyngeal muscle from the dorsal aorta. These arteries are

nearly equally as large as the dorsal aorta itself.  In Zhunnus they originate in
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the segment of the fifth vertebra, in Pacathunnus and Neollunnus in the segment
of the eighth or ninth vertehra.  Escuricnt observed that the dorsal aorta hecomes
abruptly slender after the ramifieation of these eutaneous arteries, in the follow-
ing words ;— “ Nach dem Abgang der arterive vaillares wixd die Aorta plotzlich
melir als um die Hilfte dimner im Durchmesser ™.

In the Thummidae the cutancous artery runs obliguely  backward and
dorsalward, passing behind the third (7homus) or fitth rib ( Parathunnus and
Neotlaunnus), and reaches the surface of the body before the intermmscular Hone,
attached above the root of the respective rib. Before reaching the surface of
the body each artery is split into two equal branches, running dorsal and
ventral to the lateral median line, nearly parallel to each other (fig. 3). They
arc wnited again in the eaudal portion by a transverse commissure, and the
commissure is again united to the dorsal aorta by a pair of horizontal
segmental arterics (fig. 4). Eachh branch of the eutancous arterics gives ofl; at
the surfice of the bady, segmental arteries obliquely buckwards along the borders
of myotomes for some distance and then bends forwards. The dorsal branch
sends dorsal segmental arteries ouly, and the ventral branch ventral segmental
arteries only. These cutaneous segmental artevics send arterioles axially,
along myocommata or straightly inward (fix. 3). DBoth dorsal and ventral
cutarcous arteries, morcover, send one or two rows of very numerous parallel
arterioles, quite close to each other. These arterioles run obliquely inward,
along the Doundary between the red and dark red portions of the lateral
muscle.  They are soon divided into several smaller canals and always ron in
association with similar venules maoking a membranous sheet investing and
nourishing the dark red portion of the lateral musele. The wterioles in the
vaseular sheet gradually wite again reduced in number at about midway
between  the surface and the asis of the body, and vanish in capillaries, so
that the dark red portion of the lateral fhuscle is uot entirely covered with
fine bloodvessels and eapillarics near the axial part. The vascular sheet is
thick near the surface of the body, becoming gradually thin as it approaches
the axis of the body. In the Plecostei, except Euthynnus, the cutaneous
arterics always run on the axial and inner side of the accompanying veins.
Generally the axial margin of the cutaneous vein partly covers or is at least

apposed to the abaxial margin of the accompauying cutaneous artery; but in
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the Dlue-fimned tuna from San Pedro, Cal, 1 found the asial margin of the
eutancons vein partly covered by the abaxial margin of the accompanying
artery. In Euthynnus (all known species inclusive), however, the entancous
artery lics on the abaxial side of the aecompanying vein, and the axial margin
of the cutaneons artery is partly covered by the abaxial margin of the
accompanying vein (fig. 26). The distribution of smaller canals on the wall
of the eutancouns arteries is variable in different species, and so far as I have
examined, there are no two Japanese speeies of tunnies which have the arterioles
distributed in the same way (figs. 20-24).

In J7unnus germo arterioles arve distributed on the external axial side of
the artery in two or more rows, and they run axially. In Thunnus orientalis
arterioles are fonnd on the internal side in one row, in Paratlunius mebuchi
m two rows, internal and external, in Neothunnus macroplerus in one row or
two indistinetly aiternate rows on the side near the lateral median line of the
body, and in Neothunnus rarus i one or two alternate rows at the middle of
the abaxial side. In the Katsuwonidae, the eutancons artery of the epaxial
side would be homologons to both the epaxial and hypaxial branches of the
cutaneous artery of the Thunnidae. The hypasial eutaneous artery of the
Katsnwonidae is remarkably short and slender, it generally originates i front
of the epaxial artery, and takes a forward direction, and after passing tirough
the kidney turns backward, it is situated in a more ventral position than the
hypaxial branch of the eutaneous artery of the Thnnnidac. In Kafsuwonus the
cpaxial and hypaxial arteries are nearly equal and originate from a common
lateral branch of the dorsal aorta, in the hind part of the segment of the sixth
vertebra, just behind the pharyngeal muscle. The common lateral braneh of
the dorsal aorta is very short, horvizontal, It is divided in the kiduey into
two canals or rather it is united to a gently earved ecanal, two limbs of
which are turned backward. The epaxial Hmb passes beneath the first xib
and then between the intermmuscular bones of the sccond and third vertebrae,
wlile the hypaxial limb passes over the first rib. In Kafswwonus the entaneous
artery is obviously narrower in ealibre thau the dorsal aorta, and the cpaxial
and lypasial branches are much wmore separated from the lateral median line
than in tuunics. The arterioles from these branehes are given off at the surface

of the body, between myotoaes on both sides of each branch, dorsal and
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ventral.  Those numeons arterioles nonrishing the dark red portion of the
Literal musele ran axindly., In Kuthynnvs and Auats there are two pairs of cutancous
arterics  originating  from  two  different points. The anterior pair is smaldler,
homologous to the hypaxial b of the entwnecous artery of RKulswwonus, and
is given off from the body segment of the sixth vertelva.  The artery takes o
moro or less forward direction, passes through the kidney and then turns
hackwards. The artery has no relation with the dark red muscle. The
posterior pair is very thick, nearly as thick as the dorsal aorta or a little
thicker than it, probably homologous to the whole cutancous artery of the
Thumidae.  The posterior pair of cutancous arteries takes an obliquely upward
and backward dircetion, and makes its appearance at the surface of the body,
hetween the intermuscular bones of the fourth and fifth vertebrac. The artery
rons o little above the Iateral median line, and seems to vanish in the eaudal
part.  The cutancous artery sends oft segmental branches to the surface of the
hody, both dorsal and ventralwards, and axially very numerous arterioles to
the dawrk ved portion of the lateral muscle. These arterioles are wrranged in
two diverging sheets to invest the dark red portion of the lateral musele. In
a rare abnormal case, T found the posterior cutancous artery joined to the anterior
cutancons artery, bnt in such cases the abnormality is found in one side of the
body only.

In the Plecostei subspinal vaseular plexus or the kurochini, the vascular
plexus in the haemal canal, deserve attention. In Neothumnus vertical arterioles
originate as short parallel muncrous vessels from the dorsal aorta in the same
way as the accompanying vennles originate from the cardinal vein and these
together make a black red rod as thick ns a thumb. These namerous arterioles
unite again to two pairs of segmental arteries in each body-segment, one along
the intermuscular bone, the other along the neural spine. Tu the Katsuwonidae
the subspinal vasenlar plexus does not lic just beneath the vertebral column
but is more or less separated from the latter. In Eullynnus and  Auxis
(fig- 2) the dorsal aorta is so remarkably separated from the vertebral colmun
that the kurochiai is bent like a Dow. In Auais the arterioles are few in
number and the subspinal vascular plexus is much degenerated. The oblique
segmental arteries from the dorsal aorts nourish the dark red portion of the

lateral musecle from the axial side.
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The coeliaco-mesenteric artery (fig. Q) is a chief wmpaired visceral artery
originating just before the right pharyngeal mmscle. The artery passes the
right side of the muscle and is divided into three branches. I shall distinguish
them as the first, second and third branch respectively ; numbering from the
left dorsal side gradually to the right ventral side. The fate or destination of
these branches are very different in different species, especially in the Plecostei.
The first branch is short and simple, but the other branches are large and
branching. In the Scombridae and Cybiidae the first branch nourishes the
oesophagns and the left dorsal side of the stomach. The second branch is divided
into two branchlets, one of which nourishes the right dorsal side of the stomach
and the air-bladder, when it is present, and the other the spleen and intestine.
The third branch the ventral side of the stomach and the pyloric coeca. In
Thunnus the first branch is abortive, and nourishes the oesophagus only or is
entirely absent. The second branch is divided into short parallel numerous
arterioles in the right lobe of the liver and then reunited to about three branch-
lets, one to the air-bladder, another to the right dorsal side of the stomach,
and the remaining to the spleen, pyloric coeca, and intestine. The third branch
runs along the abaxial side of the liver and is also divided into nnmerous
arterioles in the middle and left lobes of the liver. These arterioles are reunited
into principal canals, one nourishing the left dorsal side of the stomach, and
the other the ventral side of the stomach, pyloric coeca, ete. In Thunnus orientalis
the third branch is subdivided into two before splitting into numerous arterioles.
In Parathunnus the first branch nourishes the cesophagus and the left dorsal side
f the stomach as in the Scombridae and Cybiidae. The second braich nourishes
the air-bladder, right dorsal side of the stomach, spleen, and intestine; while
the third branch is divided into two branchlets, one into the liver the other to
the ventral side of the stomach, pyloric coeca, and intestine. In Neothunnus
nearly the same as in Parathunnus, but the artery to the liver is mueh more
degenerated. In Katsuwonus the first branch nowishes the oesophagus, left
dorsal side of the stomach, but in Euthynwnus and Awais it is very short,
slender, and nourishes the oesophagus only. The second branch nourishes the
right dorsal side of the stomach, spleen, and intestine, while the third branch
nourishes the liver, ventral side of the stomach, and intestine. In the Katsu-

wonidae the hepatic artery runs more or less forward near the root.
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RENAL ORGANS.

The kidneys are well developed in the Seombridae and Cybiidac. They
are paired, very thick at the sides of the pharyngeal mmscles, but behind these
museles they are blended together and hecome gradually narrow towards the
candal portion. In Sarda orientalis the kidueys ave united before the pharyn-
geal museles. The organs reaeh the otie region of the craninm, then run along
the ventral side of the vertebral eolumn, between the base of ribs, and lie above
the peritoneal membrane of the air-bladder, when it is present. The organs
often reach the anus posteriorly. They never enter the haemal canal. The
kidneys are reddish in colonr, which become paler in preserved specimens and
minute black spots may be seen scattered all over them. These are due to the
pigment cells accnmulated in glomernles. In the Plecostei the kidneys aro
generally concentrated in the pectoral region. This 18 especially the easc in
primitive forms of the ovder, for instance, in Thunnus germo and Th. orientalis
the kidneys are more or less ring-shaped, as the organ of one side is connected
to the organ of the other side at the anterior and posterior sides of the pharyn-
geal muscles. In these forms of tunnies a slender kidney-like organ enters
the hacmal canal and runs more or less posteriorly, just below the vertebral
column. The organ is thickened at the root of each haemal arch. In other
forms of tunnies the kidneys are elongated backward along the dorsal wall of
the abdominal cavity. In the Katsuwonidae the oblong space for the passage
of the pharyngeal muscles is divided by a median longitudinal bridge of kidneys.
The seemingly reual organs in the haemal canal are detached from the main
body in Kafswwonus. In Auxis the renal organ is not found in the haewal
canal. Tt is not developed in the cephalie region, aund its posterior part is divi-
ded into two long slender bodies, running on both sides of the posterior car-
dinal vein.

In the Scombridae the nreters are nearly separate from each other, in the
Cybiidae they are separate for the most part, but are united to a short median
duet, before opening to the nrinary bladder. In the Thunnidae they are united
to a long median duct, but they are nearly separate again in the Katsuwonidae.
In Thunnus germo two weters meet nearly in a transverse line, perpendicular

to the median mnited duet, and a* the middle of the foriner there is a short
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median septum. In Thunnus orientalis the two ureters meet in o fignre like
U, and in the other forms of the Japanese tnnnies they meet like the figure
Y. Tn Katswwonus the two ureters run quite near by in the posterior slender
part of the kidueys, and finally mnite to a median canal of some length. In
Eutlhynnus and Auxis the two ureters are nearly separate.

The urinary bladder is variable in size, form and position. Generally it
is small and lies behind the peritonenm, but in Aeanthocybivm, Neothumnnus, and
Auzis the bladder is large or much elongated and is found in the abdominal
cavity, suspended in the mesentery or between the two genital glands and above

the rectum.

REPRODUCTIVE SYSTEM.

In the scombroid fishes the generative organs are paired, liwrge, and elon-
gated sacs on the roof of the abdominal cavity, snspended in a fold of the
peritoneum, and estend along almost the whole length of the cavity. The organs
on both sides are symmetrical, nearly equal to each other in form and size. In
Auris the generative organs, both male and female, extend backwards along
the side of the anal fin. This backward extension is not so marked as in the
case of the female flatfish, but its cause is the same—the narrowness of the

In scombroid fishes the genital glands generally scem to

1ipen in the third year of growth, that is when the fish is two years old.

abdominal cavity.

The testes have trenchant edges, hence more or less lanceolate in cross-
section, and when ripe, milky white to light yellowish in colour. The ovaries
are fusiform, more or less roundish in cross-section, and yellowish in colour, and
greater in volume than the testis. In tunnies the gouads grow very large,
attaining several kg. in weight. As the eggs in them are minute as in other
fishes, their number is no doubt enormously lurge.

Scombroid fishes generally spawn in the warm season, and in the open
sea. So far as I know, Scomber japonicus, Cybiwmn niphonium, and C. koreanum
are the only species which spawn in owr bays and inland scas. Spawned eggs
and larvae of the plecostean fishes are still unknown.

The generative organs of both sides coalesce near the hind end, and the
lnmen in them unite to a short and wide duct, which opens as a transverse

slit on a papilla, Debind the anus.
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Biology and Ecology.
HABIT.

The scombroid fishes are said to be pelagie, but ouly the fishes of the
Plecostei are truly pelagic. The mackerels, Scomler and  Lastrdliyger, live in
littoral waters, and most scerfishes toe. The tunnies and bonitos, however, feed,
spawn, aud grow in the open sca.

Scombroid fishes generally swim to the shallower strati of water at night,
and return to the deeper layer in day-time, probably following the movement
of the plankton, and wlso that of those animals which feed on plankton. Thus
the twilight is the best time for fishing these fishes.

Scombroid fishes swim near the surface of the sea, in and after the spawn-
ing season. These fishes are alert and very dificult to catch.  They approach
the shore in warm seasons, and retire to deeper layers of water in off-slore
grounds in cold seasons. When a southerly wind blows, the comnmon tunny
comes near the surface of the sea, and also approaches the shore.  Until recent-
Iy, no drifters for the tunny were found ont on the sen, when other winds
prevailed.  Lightning and the sound of thuuder are said to frighten tummics
and Dbonitos, driving them into deeper strata of the water.

Tunnies are often said to resort to the neighborhood of deep rocky hanks,
rising to ea 200 m below the swiace. Ilspecially Purathwnnus mebacki swin
in rather deep layers of water, about one hundred metres below the surface.
Tleannus germo is said to descend to a depth of ca 80m, while the other tun-
nies can descend to a depth of ca 50 m. TIn summer, schools of Thunnus ori-
entalis and Neotlunnus macropterus sometimes swim with the tips of the dorsal
fins and the anal out of the water. Bonitos swim quite near the surface of
the sea, and seldom descend below forty metres.

Scombroid fishes often leap ont of the water, or show the posterior por-
tion of their body, especially when they are feeding. Purathamnus mebacki is
said to have a peculiar habit of leaping ont of the water at day-break.

Scombroid fishes very soon succumb after a violent convulsion, when caught
and taken out of the water. They are very difficult to keep alive, except the
common mackerel, as they dart against the fence, when confined in a narow

space, and they can not exist in water of low salinity. Tunnies desert
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littoral grounds after a heavy rain, and approach the coast in summer, after a
long draught. In the Bay of Yenowra, at the foot of Mount Fuji, tunnies are
sometimes kept alive, surrounded by a wall of strong netting near the shore.

Pelagic secombroid fishes often erowd under drift wood or algae, or follow
whales or vessels. Acanthocybium solandert is attraeted to bundles of wood
moored at the surface of the sea, purposely devised by fishermen.,

Fishes of the Cybiidae are voracious and audacious. They strive to get
out of a pound-net, pushing their head through the meshes at the bottom at
night, though in the day-time they are afraid to pass through meshes.

Plecostean fishes are especially timid, as was observed by previous writers,
and do not dare to pass through the meshes of a net, until they are confiued
in a narrow space, though the meshes are wide, espanded, and large enough
to be passed freely. Neither do they enter a dark cove, nor approach very
near a rocky precipitous wall. When some fish ave entangled in a net,
and are struggling to eseape, the remaining fish of the school are scared away.
Tt is, moreover, told that they are terified and disappear when they see blood.
Thns the throwing out of bilge-water, contaminated with blood, is not per-
mitted at the fishing ground, and with the same reason long lines of sharks
are considered to be disadvantageous to bonito fishing, as sharks shed blood
when hooked.

Generally the male fish come first, in the middle of the fishing season the
number of both sexes is nearly equal, and at the end of the season the female
fish predominate.

The habits of the scombroid fishes are often influenced by tides. Mackerels
often float towards the surface of the sea, shortly after the flood-tide. Some
seerfishes are said to be very aective in the ebb-tide, and Gymnosarda nuda is
said to bite lwoks well, when there is no tidal cwrent. Some tunnies are said
t» resort to the shore with the flood-tide.

Bonitos, oxeept Euthynnus yaito, are said to be very elever in making a
school of small fish very dense, by swimminz round the school of the victims,
and devonring stray or forelorn individuals gradually. On the contrary, tunnies
and scerfishes swim into a school of vietims, and disperse them. The feeding
of a fish seews not always the same throughout the year. The striped bonito

is said to decline to take bait in certain seasons, gencrally in mid-sumwer.
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FOOD.

Fish belonging to the genns Rastrelliyer seem to feed exclusively on
plankton, chiefly copedpods. Scomler is also a plankton-feeder, but its food
differs in different seasons and loecalities. In bays the fish is ommivorons, and
feeds near the bottom ; but in the open sea it seems to fced near the surface.
Tishes of the Cybiidae aro voracious, and feed chiefly on surface-swimming and
school-making fishes, such as sardines, anchovies, saurels, mackerels, sand-ccls, &e.

Tunnies are also voracious, and most of them feed chiefly on plankton in
the open sea.  So far as T know, Neothunnus rarus seems to be the only species
which feeds near or in littoral waters, and chiefly on fishes of moderate
size. When tunnies devour fish of somewhat large size, they breank their verte-
bral eolumn near the neck or the tail, probably with their strong jaws, most
likely to prevent movement of the engulfed fish in the stomach. Once I fonnd
a specimen of Lepidopus, about two metrcs iu length, in the stomach of a tunny.
It was found bent several times in the stomach. A full-grown tunny ean swallow
bonitos or young tunnies under 40 cm in length. The smallest animal found
in the stomach of a full-grown tunny measnred abont 5 mm. in length. Judging
from the position of food in the stomach, we understand or rather imagine that
tunnies swallow fish sometimes from the head, and sometimes from the tail.
Tunnies feed on living animals, but they are enticed by deceased or preserved
baits as well, and even to artificial batis when they are moving in water. The
food of bonitos is nearly the same as that of tunnies. However, bonitos can
not swallow large animals as tunnies do. Many interesting forms of the plankton
and immature fish, ete. may be found in the stomach of tunnies and bonitos.
I have obtained two fine specimens of Mola mdla, very large phyllosoma of
Scyllarus, immature specimens of free-swimming stages of Scyllarus and Panu-
lirus, Onychoteutlis, a great many specimens of [Vutasenia scintillans from the
mouth of Tokyo Bay, several species of Pleraclis, Acantlurus (immature), Clucto-
don (immature), Maurclicus, Arqylopelecus, Holocentrum, Ostracion, Caesio, Exo-
coctus, Sergestes, Acanthephyra, different kinds of Heteropoda and Pteropoda.

Scombroid fishes feed on swimming animals, and do not prey at the bottom,
nor at a wall nearly perpendicular. They swallow the food, darting quickly

towards it, and swim away more or less downwards, therefore they are forced
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to wake a large circuit if they intend to take food again near the same spot
as before. Generally they hesitate to swallow food, when it is too large for
a mouthful. As a rule they pursue food into shallower strata than those they
are accustomed to. While feeding, fishes in a school swim in different direc-
tions as theyv like. A fish which has taken plenty of natural food, is easier
enticed to baited hooks than one with an ewpty stomach. This may bs ex-
plained by the fact that the fish become frenzied from competition when feed-
ing in a school, and bite any object, suspended or moving in the water, but
when they are not feeding they are rather shy and suspicions, and thus do not
easily Dbite baited hooks. When tunnies bite baited hooks, they swim down-
ward at once very quickly, abont 200 m, more or less obliquely, so that tunny-

fishermen are provided with a strong line, longer than 200 m.

DEVELOPMENT AND GROWTH.

The development of mackerels and certain seerfishes can be studied ; Int
that of the plecostean fishes is very difficult to study, as these fishes do not
approach the land, at least in the spawning season. I have not yet succeeded
in obtaining these fishes with wature reproductive elements. Consequently the
Jarval and postlarval fishes of the Plecostei are still nnknown. Two small
specimens described and figwed by LUTREN (53) and identified to be the young
of Thunnus alalonga arve the smallest examples, so far as I know; but most
probably they do not belong to the Plecostei, as the foremost spine of the first
dorsal is remarkably shorter than succeeding spines. They would most probably
be immature forms of the C'ybiidae, as the jaws ale loug and the teeth large.  An
immature specimen canght in a tow-net during the Challenger Iispedition, be-
tween the Adwiralty Islands and Japan, and deseribed by GUNTHER (32) is
probably a plecostean fish.

In May, immature fishes of Scomber japonicus abont 45 mm in length are
canglht together with colourless fries of the sardine, anchovy, ete. near the coast
on the Pacific side. These immature fishes

Lave slenderer body, rounded suout, teeth in

the lower jaw in two rows, but remarkably few

Fig. R. Scomber japonicus. Nat. size.

in munber. In September they grow to the

length of about 12 ey, in October 15 cin, and when one year old to 18 e, I am
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inclined to believe that the young fish, abont 27 cm long are two years old,
and young ones about 35 cem wre three years old, and sexually imture.  Thus
the growth of our common muckerel seems to be nearly the same as that of
Scomber scombrus of the Atlantie.  However, this rate of growth is slow compared
with that of other scombroid fishes, and needs confirmation.

So far as I know, eggs of the scombroid fishes are pelagic, spherieal, and
ench egg is provided with a pretty large oil-globule.  There are very little
distinetive characters in eggs of different species. Eggs of Cybium niphonium
are very large, the largest among the pelagic eggs, fonnd in the Inlind Sea
in spring.

In 1920 I found a larva of Cylium niplonium, 8 mo in length, among =
buneh of immature forins of various fishes from the bunt of o seine, hanled to
cateh the adult of that species, on June Tth, in Kagawa-ken. The larva has
a very long snout, powerful jaws with large teeth, preopercle with threc spincs,
very short but broad precandal portion, pigment spots on the lead aud along
the ventral median line of the caudal portion. An immature fish of 33 mm in

length has a larger head and broader body than the adult, The preopercle is

S '

iy

armed with about four spines. The pectoral is
=5 small and rounded, and the posterior portion of
— =TSO the second dorsal and anal begin to be sepa-
Fig. S.  Cybiwn niphonivin rated to finlets. In this specimen the precandal
(immature). 4/3. . . B
portion was elongated to a nearly similar length

as the enudal. The first dorsal is higher than the second. An immature fish
of 100 mm, caught late in July, 1914, has a still broader body than the preeed-

ing, The first dorsal is lower than the second dorsal, and the candal is mueh

- T ———

y
X Pl
\)

Fig. T. Cybium aiphonivm (immature). Nat. size.

developed. The general appearance is quite similar to that of the adult. The

colonr markings are however wanting. In the ifmmature fish below this size



286 KAMAKICHI KISHINOUYE :

the outer margin of the first dorsal gradually descends and its spines are 20
or 21 in number instead of 19 in the later stages, due to the depression of
posterior spines. In October the immature fish grows to a length of ca 27 cm,
and attains all the specific characters of the adult. As the fish grows the spines
in the fin become longer, especially at the posterior part. One year old fish
is ca 50 cm long and immature, while a two year old fish is about one metre
and is mature.

Cybium koreanwm spawns in June and its immature fish is about 24 cm.
in September. It has a larger head, sccond dorsal and anal lower than the
adult, and a few, scarcely visible markings in a row, just below the lateral
line in the precaudal region.

An immature fish of Cyblum commersun, 13 cm. long, was canght on
July 27, 1916 ncar Kcelung, Taiwan. It has a larger head, remarkably
broader body, shorter snout, and larger eyes than the adult. The first dorsal
is higher and its hind portion remains colourless. About ten oblong markings
are found at the back. They scarcely pass down the lateral line. A little
larger specimen in the Museum at Taihoku measures 22 cm in length, and has
larger eyes. The colomr markings are elongated downwards, but they are not
continuous, more or less bead-like, and new markings are added between the old.

An immature fish of Sarda orientalis, 17 cm in the total length, was
canght at the end of April, 1922, in a large dip net, called “boke-ami,” i the
Harbowr of Kushimoto, Wakayama-ken. The net was used at night under
an artificial light to catch fries of the mackerel. The immature fish of Sarda

has about twelve transverse bands. In ench of these bands we find about six

Tig. U. Sarde orientalis (immature). 2/3.

longitudinal bands, which ascend more or less backward. DPectorals, second
dorsal, and anal are very small. In September, 1900, a little larger immature

fish, 23 em in length, was caught im a ground seine on the east coast of



COMPARATIVE STUDY OF SCOMBROID FISHES. 987

Aomori-ken, This specimen is nearly the sane as the preceding one, ot it
is a little broader,

An immature fish of Acantlocybium solandii, 27 em. in the total length,
was canght off Daicsaki, Miye-ken, in September 1917, It has about twenty
transverse bands.  Those in the precaudal region fade away near the ventral
median line, but in the caudal region they arc manifest from the back to the
ventral median line.

The growth of tnnnies scems to be very rapid. The common tunny,
Tlunnus orientalis, most probably reachies maturity in the third year of age.
Thaunnas orientalls, ea 22 em in the total lengtl, is the smallest specimen I
have scen. It has ten to fifteen faint transverse bands which fade toward the
ventral median line. These transverse bands are divided mto two at the
ventral part.  Sneli small individuals are fonnd in August and in September.
Some of them @mow to a length of 320 em or more. DBy next spring they
grow to a length of ca 60 em (fig. 43). When two years old they are about

one metre in length and eleven kg. in weight. Three years old fish is con-

sidered to weigh about fifteen kg, The growth of Tlunnus germo and Neothunnus
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mecropterus in the first and sccond years scems to be nearly the same as that
of the conmon tunny; but in the young form of Thunnus germo veticulating
longitudinal bands are found, instead of transverse hands.

The smallest specimen of Katswwonus pelamis in my collection is 21 em.
in the total length. It has a slenderer body than the adult, three dark
oblique markings at the back of the caudal portion, and one faint longitulinal
band under the lateral line. This specimen was caught in Angust, 1916, at
Okinawa-ken, and seems to have been a fish hatched during the same year.
The smallest specimens of Futhynnus yoito in my possession are 13 em in the
total length. One of them was sent by Mr. Gopee. It was collected Dy the
SS “Gier” in November, 1907. The other specimen was collected near
Kecling, Taiwan, in 1919. They are very slender and have eight or more
transverse bands on the side. These Dands ave nearly vertical and fade toward
the ventral median line. When they grow to a total length of 19 em the body
becomes very broad, the thoracic spots appear, the bands gradually disappear
from the ventral part, and the dorsal part of the Dands becomes oblique.

Mr. S. ToMiNaca sent me several immature specimens of dwwis mary,
which he obtained from the stomach of striped bonitos, caught off Awakunijima,
Okinawa-ken (Ryukyu). They measwe 11-17 cm. in length. The largest
specimen is nearly the same form as the adult, but the speeimens, 11-13 c¢m
in length, are remarkably slender. The skin is more or less damaged by
gastric juice, and the markings arc not found in these small specimens, bnb
in the largest specimen, there scem to be some transverse bands. They were
collected on July 10, 1921

LOCOMOTION.

About the locomotion of the fishes of the Scombridae and Cybiidae there
is nothing new or peculiar. It is quite similar to that of other teleosts.
Swift and unceasing locomotion 1is, however, characteristic of the Plecostei.
It is impossible for fishing Doats, running about 10 knots an howr, to
accompany o school of the striped bonito in progress, so that fishermen
throw out live Daits to attract and thus to retard or stop the progress of the
school.  Plecostean fish searcely bend their hody in locomotion, except the eaudal

peduncle, as will easily be mnderstood from the form and construction of the
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vertebral colunn, it can not he easily bent.  Tho tail-fin is rigid and lunate,
its quick and powerful strokes ean be mderstood from the quick and high
pitelied sound produced by the fish in its death-struggle on the deck of @ boat
when esught.  [f o landing hook is driven by mistake into the eandal pedunele of
a tunmy, we ean uot hold it, as the hauds become parndyzed from the violent
convulsion of the muscles. Neither ean we hold, even for o few sceonds, a
landing liook driven accidentally into a tunny swimming away from our hoat.
Really bonitos and tunnies swim like meteors. The troll-line for tummics as
well as the line attwlied to o harpoon-head nsed in tuny-fishing require o
reserve of at least 200 1w, thongh the troll-line for v seerfish lns a resorve of

only 30 m or often none at all.

MIGRATION.

The scombroid fishes, cspeciadly the plecosteans are good swimmers, snd as
they we voracious, they are foreed to swim about incessantly in search of
ford.  Like wauy other fshes, scombroid fishes gencrally swint in shallower
strate, of water at night, and scek the deeper strata in day-time.  They migrate
more or less according {o the change of temperature. In the cold scason
they scek lower latitudes, in swmmer they go further north; but Cybiume
commerson seems to be cxceptional, visiting the western const of Hondo in
the Jupan Sea in winter only. The migration of the striped bonito is also
remackable.  On the Paeifie coast the fish migrate with the warin emrrent and
in suwmer they reach the southeastern coast of Hokkuido and remain there
till autnmn.  In their northerly migration they approach the coast, but in
moving sonth they swim offshore. In the Japan Sea they take a quite
different cowse, approaching the eonst in their southerly migration in the cold
season. The migration of Thunnus orvientalis wnd  Th. germo in the Pacifie
coast is nearly the sawme as that of the striped bonito. Thunnus orientalis in
the Jupan Sea approaches the coast in going nortl, in carly sumer.

Generally spenking of scombroid fishes, large and old are eanght at the
beginning of the fishing season, while at the end of the scason only young

and small ones are found.
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DISTRIBUTION.

Scombroid fishes are generally widely distributed, and many of them
are really cosmopolitan ; but some of them are confined to limited districts.
For instance Cylium koreanum and Neothunnus rarus have restricted distrilu-
tion. Generally speaking the mackerels and seerfishes which have a wider
range in vertical distribution have a narrower range in horizontal distribution.

Scomber japonicus is very widely distributed. 1Tt is said to occur in the
Pacific as well as in the Atlantic. In the Pacific it is found on the .\siatic as
well as on the American coasts. However, the fish is not found round the oceanic
islands, snch as the Ryukyu Islands, Ogasawara Islands, and South Sea Mandates.
Adult mackerels migrate in summer to shallow waters, ca 20 m deep in a bay,
but retire in antumn to deeper waters of 40-100 m, and in winter to off-shore
banks, ca.200 m in depth. Generally mackerels are not found in decper strata
of water than ca 100 m. In waters within the 100 m line of depth, mackerels
are found 1-4 m above the bottom. They come near the smface in the even-
ing, and may be attracted to shallow strata within 40 m below the surface.

Rastielliger is confined to the Ryukyu Islands in our cowntry, but it is
widely distributed in the tropical seas.

In the Cybiidae, Grammatoreynus is found only in Ryukyn Islands in onr
country, but is widely distributed in the tropical region of the Indo-Pacific.
Cybiwm nwiphonium is fonnd in the littoral waters of Japan, Korea, and China.
Cybiwm korcanum is restricted to the west coast of Iorea. Tt is remarkable
that this species ascends the brackish part of rivers. Cybiwm commerson is
regularly caunght, though in small numlers, near Senzaki, Yamaguchi-ken, in
autumn and winter. This species is eanght in abundance in Formosa in spring.
Cylium guttatum is found in our waters only in Formosa. Cylium chinense
is found in Japan and China, frequently near the Xorean Channel; but they
arc rather rare in other regions. Acantlhyocybivn solandri is a pelagic species,
nomadie in habit, and inhabiting warm seas. It is found at the mouth of Tokyo
Bay, in the east, and in the south western part of the Japan Sea. Sarda
orientalis is abundant in Kyushyu, but it may be found in Aowmori-ken in the
north, both off the Pacific and the Japan Sea coasts. None have been found in

Formosan waters. T do not know whether the Indian species of Szrda is identical
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with our species or not.  The Hawaiian species Iooks quite similar to our species
in external characters; bnt minute examination is necessary for identifieation.

5o far as I know the plecostean flshes are most rvich in number of species
in owr waters.  Among our tunnies, Thunnus orientalis is rather widely distribut-
ed.  Neothunnus rarus is found only in Kynshyu and the south-western part of
the Japan Sea. Tn the Japan Sen we find only three species of tunny ;—
Tlomnus orientalis, Ncothunnus macropterus, :nd Neothunwus rarus.  The latter
two species, however, are very few in number, and there is no regunlar fishing
for them. All the species of tunnies fonnd in the Japan Sea live near
the surface and approach the const.  The tannies inhabiting off-shore grounds
and descending into rather deep strata of water have not yet been fonnd in the
Japan Sea. This is most probably due to the fuct that the temperatwe of
the sea is too cold for these species. Donitos are also found in the Japan
Sea; but rather few in number, and Euthyanus yaito is vory rare.

The scombroid fishes with the air-bladder lave generally a wider range
of vertical distribution than those without it. The latter group of fish is
often vestricted to the swfice of the water. O: they are near the surface
in some seasons, and descend to deeper layers of the sea in other seasons.
They can not change their abode suddenly, but when the change is gradual
they can cndure it. Most scombroid fishes swim in shallow strata of
water, but tunnies generally, especially Parrdlunnus mehacki, are found in
decper stratn of water than bonitos. Donitos and voracious species of the
Cybiidac frequent the surface of the sea and are readily attracted to artificial
Iits. These fishes ave rarely found in deeper strata than about 80 m.

The scombroid fishes are found in warm seas, the majority of them be-
longing to the tropical and subtropical regions, and most of them are very widely
distributed. They swim very fast in search of prey, and many of them have
their own blood-temperature as higher animals. Our common mackerel and the
striped bonito are cosmopolitan species.  The long-finned tunny ( Thunnus germo)
and  dcanthocybivm solandri, too, seem to be widely distributed, though a
critical determination of the species from different parts of the world has not
yet Deen made. The following tables illustrate the distribution of scombroid

fishes in owr waters and adjcent regions.
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Table showing the temperatnre of water in which

seotbroid fishes are found.

5 10 15° 2n° 29" 30?

Scomber japonicus

Cybium miphbonium

)

e e

Serda oricutalis

Gymnosarda nuda

N R R R
R

Thuouus germo

Thunnus erintalis

Parathunnus mebachi

Neothuznus macropterus

Katsuwonus pelamis

Eutbynnus yaito

Auxis him

Abpxis maru

Table showing the vertical distribution of scombroid fishes.

) 20m 40 m 60 m $)m 100 m 120 m

Scomber japonicus

Cybium niphovium

Thunnus germo

Thunnus orieutalis

Parathunnus mebachi

Neothannus macropterus

Katsuwonug pelamis

Auxis hira

The salinity of the water, most suitable for onr scombroid fishes, differs very

greatly for different species.  Generally speaking fishes of the Scombridae a

1d

Cybiidae are adapted to water of lower density, 1.022—1.02)5, while plecostean

fshes prefer water of ligher density, 1.025—1.027.

withstand water of very low density.

are sometimes found in littoral waters of low density.

Cybiwin korcanum ean

Of the Katsuwonidae, species of Auris
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ENEMIES AND PARASITIS.

The gigantic species of the scombroid fishes have few encmies.  Their most
dreaded encemies are dolphins, especially the killer. Killers often await the
passage of large schools of tunnies in a strait, such as Tsugau Strait, and
attack them furiously. Tavourite resorts of killers in the strait are near Cape
Oma and Cape Tappi. Small species and immature forms, however, have many
enemies—seals, dolplivs, spear-fishes, the sword-fish, sharks, and larger forms
of their own or allied species. When we find dolphins in plaees, where maclk-
erel fishing is aetually camried on, the mackerels very soon desert the ground,
and do not ecome back for some days after. .

External parasites are mostly copepods and trematods. They are found
on the upper surface of the pectoral fin, the inner side of the operele, gill-
lamellae, in the nasal cavity, the month ecavity, ete. These parasites are,
as a rule, not numerous; but sometimes copepods are found in large batehes.
The Octocotyle is a minute parasite foand awcong the gill-lamellae of Scomber
Japonicus, but the Hexacolyle is large and is found among the gill-lamellae
of Pavathunnus mebachi. Tristoman lives in the nasal cavity of tunnies.

Internal parasites are chiefly trematods and nematods, living in alimentary
caual, circulatory system, muscles, tissues of the viscern, cte.  Species of Distomna
nse Acanthocybium, tunnies, and bonitos as hosts.  Rhynchobothrivm is found in
the flesh of Katsuwonus pelamis rather abundantly in summer. A specics of the
Filwiadac generally inhabits the superficial dark rved muscle of Purathunnus
mebocki. The parasite changes the colonr of the muscle, whicli becomes more
or less yellowish. Once I found a very long nematod in the cutancous artery
of Butlepoons yaito.  Often a species of vematod is found in the dorsal aoita
ol Neothunnus macropterus ; the parasite causes the tissue of the eanal to becoe

thick and tongh, giving it at the same time a yellowish tint.

FISHERY.

Tishing of the scombroid fishes has Twen pursued in our islands sinee
the stone age. Dones of these fishes luve been found in shell-mounds in
different loealities of our empire, as T have said alteady in o paper on the
prehistorie fishing of onr country (42).  Bones of Thamnus orientalis are most

abundant, and those of Katsumwonvs pelamis and Seomber japonicus ave frequently
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met with, but those of .fuais and Cybiwmn niphoniwmn ave rather rave.  After
the publication of the paper, T obtained through the kindness of Mr. Grssurcnr
Yexno o spear-head, 214 min long, lacking a barh, eavved from a caundal
fu-rny of o tuuny. He collected it from o shell-mouud of Miyagi-ken. A
large candal vertebra, recently discovered by Mr. AxIRA MATSUMURA in o
shell-mound of Ogido, Rynkyu, belongs most probably to a species of Gym-
nosarda. A few vertebrae of Eutlypous yaito were also taken from a shell-monnd
of Iha, Ryukyu, by Prince Kasunwa Ovasa.

T some poems composed in the period of Tempyo-Shohd (749-756) and
cited in the “Manycshyu 7, we learn that the tunny was eaught at that time
with spears as well as by means of hook and line. In the ¢ Yengishiki”, a
classieal work compiled between 900—927, we find uames of several kinds of
food, prepared from the mackerel and the striped Donito. These prodnets
were paid as tribute to the Impaial comt and the Government from several
provinces round our consts.  In that classical work, names of tunnies and sear-
fishes are not mentioned, though trumics ot least were eanght before that time.
From the name of “sawmra 7 for our common seerfish, we can guess that they
Iiave long been known to us, as that name in owr old language means narrow
abdomen, and it is just as old as the name “saba ' for the mackerel, meaning
narrow or minute teeth. Trom the twelfth century on, on account of many
wars, most industries were distwrbed arcd retrograded, until peace was restored
by the consolidation of & eentral government in the seventeenth century, under
the control of Hipeyosim Toyoroymr. From an ancedote, however, we jearn
that an ingenius pound-net was planned and construeted in the period of
wars in a bay near Sendai by a soldier, who got his idea from tactics in war.
The device is a trap, with an clongated poand, the longer dinmeter of which
i5 at right angles to the comwse of the leader. The pound as well as the
leader Liave a certain curvature, whicli prevents the escape of fish at the mouth
of the pound, and when the month is closed, at the bent corners of leaders,
which are set in different directions. The appuaratus first designed for the
capture of the tunny hias recently been emploved in many other places for the
capture of secrfishes, vellow-tails, ete. and it has proved to be superior to other
types, having the longer diuncter of the pound in the same direction as the leader.

I is really remarkable that a fishing implement invented in the northeastem
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pat of our empire was introduced to other places.  Generally the reverse is
true, i. e. implements or methods inveuted in the central or western parts have
travelled to the northeast.

Nearly all kinds of fishing apparatus are nsed for the capture of scombroid
fishes, except casting nets and dredges.  As many kinds of these fishes form
large schools, the apparatus for their capture is gencrally large; but its height
is mostly under 60 m.

As most scombroid fishes ave swift swimmers, fisheren try to retard their
progress by scattering tole baits. These fishes are enticed to the artificia
baits in motion. The mackerel is attracted to light at night, decanthocybinim
to the shade of moored bundles of bamboo-stems or branches of Paulowniu
imperialis.  Fishing with drift-nets is popular, but not good in clear walers.
where othar kiuds of nets ave also not suitable. In such grounds hook aud
line arc the hest means for catching.

Thongh the scombroid fishes are very widely distributed, their fsod is very
plentiful, and their immatare specimens ave not molested by men, yet they
become gradually scarce in old fishing gronnds.  Generally the scombiroid fishes
do not stay many days in the same place. It scems wise to change the fishing
ground from time to time, not adhering to the same locality. Many unfortunate
accidents occar in this hazardous occupation, as the fishing grounds are
rough, lying generally very far from the coast. Morcover the fishing apparatus
is large, and the cost of the individual fish high, s fishermen try to hanl in the
whole apparatus even in ease of sudden storms, and thus often fail to return
to safety in good time. For the fntare development of the fishery of the
scombroid fishes, it is desirable to build swift, sca-going boats, to discover good
means of attracting these fishes, and to provide a suitable equipment for
preserving  these fishes, as they are mmeh more perishible than other kinds.
Fishermen detect the presence of these fishes by their leaping out of the water,
by the movements of birds, the colour of the water, or peculiar waves o
movements of the water at the surface of the sca. They use the troll line to

detect the presence of these fishes in deep strata of watar.

Hook axp LLIXE.

In the mackerel fishery there are five kinds of hook and line fishery—rod
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and line, easting line, ordinary hand-line, troll line, and Iong line—of which
the third and fifth e widely nsed. The ordinary hand-line is  nearly
s long as the depth of the fishing ground.  The gow consists of a spreader
or n lever, to which n sinker and a bag for tole bait are atlached. The long
line is also largely nsed. Tt is o ift line, snspended from baurels by means
of Duoy-lines, weighed sometimes  with light weights.  Hooks of these lines
aro dressed with small picces of sardine, sawel, or mackerel itself. The
artificial bait is scldom used.  Cangings of the hand-line awre of worm-gut.
The band-line gear is cssentially like that for the swwel.

Tn the scerfish fishery three kinds of hook and line wre nsed ;—hand-line,
troll lize, and long line. The troll line is most popular and efficient. As
secrfshes are voracious, it is diffienlt to eatch them with baits of little motion.
And as they do not come to the swrface it is impossible to cateh them with
rods.  Good fishing grounds lic near straits or rocky banks. The troll lino
for the common scerfish is like that for Seriola quinqueradiata.  The length of
the gear is from abont 40 to 200 m or more. Generally it is 60-100 .
The line is taured and on it numerous small lead sinkers ave distributed.
When the line is short the weight is heavy. but if it is long, the weight is
comparatively light. The hook has a long shank and is angnlar in form.
As secrtishes hive trenchant teeth, abont 20 e¢mn of the snood is made of »
nmetallic wire.

In the tunny fishery, rod and line, hand-line, tioll line, and long line are
nsed,  The long line is the most important.  As tnunies are big and swift in
Tocomotion, the gear must be thick, stout, and long. When tunnies bite the
hook, they swim away at once furiously and irresistibly, until they e tired,
s) that the gear mnst be snfliciently long to allow it. Tines are generally
made of hemp, and the lower end of the suoods at least is sorved with fine
tlead or wire.  To the gears for the tuuny, sinkers we seldom added. The
miniimum: Jength of gear for the tunny is 200 m. The tunny long line is
very thick, strong and 400-500 m long, coiled in a basket. Each boat
shoots out lines of 10-15 baskets. The line is als) a dvift line, suspended
at the intermediate depth by means of buoy-lines of 10-25 m. As the gronnc-
line itself is thick and lheavy, there is no need of sinkers. There are two

kinds of gangings, --short and long. The former is en 12 m, and the latter
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ca 37 m. A line from each basket is divided into three scctions by five buoy-
lines, two of which are attached to hoth ends. Iuach section i1s again sulxdivided
into four by three gangings, the middle of which is the longer one. This long
line is generally worked at night. The long line fishery of tunnics seems to
have fist been tried near the mouth of Tokyo Bay, about three centwies ago,
and it was introduced in recent years to other parts of our country. Tormerly
a peeculiar kind of fishing line for tunnies was used in the central and western
parts. The Line is about 200 m in length, and is wounud round a small harrel,
leaving about one quarter of the line to hang free. At the end of the free
portion a hook dressed with a live Dait is attached. A loat, with & crew
of about half a dozen men, carries ten or more lines, which they leave in the
sea to drift. When a tunuy bites the Look, the barrel sinks at once, but as
the wound part of the line becomes loose, the barrel arises whirling.

In the bonito fishery rod and line, troll line, and long line are used, but
the first is most extensively used, As honitos swim near the surface and
do not descend to deeper strata of water, the fishing with rod and line is
simple aud convenient, no sinkers arc used. Tt is remarkable that fishing of
bonito with rod and line is done in our country and at Minikoy, a small
island in the Indian Ocecan, in nearly the swme way. Tor the rod a bamboo-
stem of about seven metres is used. Around the thicker end of the stem a
string is roughly wound to prevent the hand from slipping. The line is
nearly the same in length as the rod, and abont 30 em of the terminal
portion is dyed with indigo. The hook lacks the barh, and is dressed with
living sardine or anchovy. Fishermen lold their rods in such a way as to
alow the living bait to swim at the surface of the sea. With mtifcial bait
short rods of about tliee and half wetres and a line of 120 em long and of
thick diameter are used. While fishing, living fish are thiown as tole bait

far and near.

Drirr NETs.

Drift nets for different scombroid fishes differ in the size of meshes, depth,
length, and the thickuess of the twine. For small fishes drift nets arve gill-
nets, but for tunnies there is no gill-net. Drift nets for scombroid fishes are

genarally worked in warm seasons.  Drift nets for tunnies and honitos are
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shot at the swrface of the sea; but those for the mmckerel and seerfishes are
suspended in more or less lower stata of water, Ly means of buoy-lines
of some length, These nets are worked at night.  Sometimes gill-nets are shot
with both ends beot towards the school of fish and they are driven towards
the net. When the tunny strikes the net, it yiclds to the movement of the
fish, and forming a pocket passes over the float line and is hung back.  Thns
when the height of the tuuny drift net is too high, the eapture is not
satisfactory.  The tunny drift net is chiefly used on the Pucific eoast of the

northeastern part of Hondo.

SEINES,

Scines for scombroid fishes are also eliefly used in the warm season.
The size of the meshes is proportioual to that of the fish to be canght ; but
it is very small in the seine for our common scerfish, or its hunt is made of
comse cloth, woven with strong thread. This is to prevent the penetration of
the juws of the fish inty the netting, lest the seine should be damaged Dy their
trenchant teeth.  Seines for scombroid fishes e mostly 70-85 1 deep, and
5006-1000 or more long. In some of these scines the wings are made of straw
nettings. Seines for the common seerfish are nsed in the Inland Sen only, and are
hauled towards the land, while those for the other scombroid fishes are hauled
into boats.  Tunnies captured with seines ave Thunnus orientalis and Neothunnus
macroplerus.  The striped bonito is sometimes captured with seines.  Before the
development of suines for tunnies and bonitos schools of fishes were surrounded with
a Jong wall of net, and then the fish were scooped ont with a kind of large dip-net.

Porxp-NETs.

Special pound-nets are built for the capture of Thunnus orientelis and
Neotlunnus snacroplerus in warm seasons, when these {ishes migrate northward.
In sonc places pound-nets for the capture of tunnies in their southern migra-
tion are crected ; but these are very few in nuwmber, and are not so important
as the other. The pound-nets for 7hunnus orientalls in their northern migra-
tion are very important, and very abundant. Other scombroil fishes are also
caught in large nambers in pound-nets; but their time of appearance is ratheor
s lort, or oceasional, and the expenses of pound-net fishery can not be sustained

by thesc fishes only.
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Therc are different types of pound-rets for the eapture of tnanies developed
at difforent parts of our empire. But as T have stated before, a type ealled
¢ daiboami ”, developed near Sendai is at present the most advaneced one. Tt
resembles in form the madrague of the Mediterranean, but in owr pound-net
the Dottom is entirely closed with netting, and there are no dividing walls.  The
movement of the fish is observed by the boat crew by signals from a wateh-tower,
on a wooden frame-work, erected from the sea-hottom, ov on a precipice near hy.
At the strait of Tsugarn the watehman observes the fish by transmitted light
from the sca, scated under a cover of matting, whieh partly hangs over
the sea, from the side of his boat. In the case of the daiboami, the watehman
takes his post just opposite the entranee of the pound. In other more simple
cases the watchman is seated in the boat at the mouth. When a school of
fish cnters the pound, its entrance is closed by lifting up the sanken
netting, connected with the hottom of the net, and the bottom is haunled over
from one end to the other, the bunt. The depth of water at the entrance of
the pound should be more than 15 m. Eftcctive pound-nets for the tunny are
abont 30 m decp at their entrance. The size of the ponnd-net generally in
use is 450 m in civenmference, and ea 150 m in the longer diameter. The
mackerel and the common secrfish are eanght in pound nets for Sqiiole

quinqueradiate or miscellaneouns fishes.

Classification.

So far as I Lave studied, the natural affinities of fishes ean not be ascer-
tuned from the examination of esternal characters only.  Some anthors classify
the genus .luxis near Scomber, as the two dorsals are separated, but in reality

these two genera are at both estremitics of the phylum of the scombroid fishes.

Order TELEOSTEL
Suborder Acanthopterygii.
Family SCOMBRIDARE (s. str.) Ginther.
Scombridne (in part), Giinther. 1860.
Scombrinne, Jordan & Evermann, 1896; Starks, 1910.

Scombridae (in part), Boulenger, 1904; Regan, 1909.
Scombridae, Kishinonye, 1915.

Body fusiform, and more or less compressed.  Head pointed at the anterior
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aud, its upper swfwe lattencd and naked, but the opereles are sealv,  Condal
peduncle romnded in cross-section, having no latoral keel. .\ pair of small keels
are found on emch side of the tail.  Tateral line gontly ewrved, wanting mark-
el Teudings or mdnlations.  Adipose  cvelids  present.  Seales eyeloid, often
fuely crenulated or more or less ctenoid at the posterior nuwgin,  Corselet in-
distinct.  The seales at the pectoral region lhave the sune structine ns those in
the remaining regions, hnt the former are ounly o little lsvger than the latter.
The former are not covered with a connective tissne membiane.  Postorbital
scales rather large, mnequal in size.  In the ventral half of the body, rows of
sceales 1un nearly parallel to the ventral wedinn line of the candal region.

Mouth large with 1minute teeth. Tongne very small and smooth. The
maxillary is ahmost entively covered by the preorbital, aud the supplewontary
bhone at the postorior end is very small, slender sud insignificant.  Premaxillavies
are very slender ind wenk.  Gill-rakers very nnwerous, long, slender and mmch
compressed, with two rows of fine diverging pairs of long denticles on the inner
side.  Gill-lunellae very short at the angle of gill-nrches.  Branchiostegal mein-
branes very broad and overlapping each other at the symphysis.

Opercle short, and notchad at the postevior margin,  Snbopercle very namow.
Treopercle comparatively large, ronnded and expanded at the lower posterior
corner.  Clavicular lignment is inserted at the posterior end of the esoceipital.
Fins not well developed.  Iuterspinous hones are weak and slender.  Fiu-rays
ave travsversely articulated.  The second dorsal is lower than the first and the
two dorsals are distinetly separated from each other. The first spine of the first
dorsal is shorter than somwe succeeding spines. The second dorsal and the anal
are covered with small elongated seales.

The abdominal cavity is ellipsoid in cross-scetion, with the longer dinneter
vertical.  Peritoneum generally black. Pylorus ascending. Pylovie coeea nu-
werous, arranged in many longitudinal rows. They are rather large, opening
divectly to the duodenum, and arc loosely conreeted with connective tissne
fibres.  Alimentary canal long and folded. The liver is a small triangulo
uwss, occupying the left anterior corner of the abdommal cavity. Kidneys thin,
clougated and divided into two before the pharyngeal muscle, which is inserted
into the third or fourth vertebra, or into botl.

Skeleton thin, but firm.  Skull clongated and the greater part of the fron-
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tals lies directly under the skin. Ocecipital crest low and small. Sphenotie
and opisthotic not visible at the dorsal surface of the skuall. The esclusion of
the opisthotic from the dorsal surface of the skull is quite the same as in the
Carangidae.  Accessory lateral ridges arc found on the dorsal surface of the skull.
Oceipital condyle is remarkably hollow. Paroccipital condyles are oblique, turn-
ed externally, and are separated from each other by the foramen magnu .
Articulating facets of the skull with the atlas are on both sides of the foramen
magnum and do not form a part of the margin of the foranmen. Vertebrae
generally 81 in number, they differ but little from each other in form, size,
different processes, etc. No transverse process. ILateral ridges in the anterior
vertebrae pass gradually to the ventral ridges in the vertebrae of the posterior
region.

First vertebra, the atlas, is remarkable in having & pair of large, articulating
processes projecting, instead of declining obliquely backward, and also in having
the neural process attached to the centrum (fig. 30). In precaundal vertebrae the
neural canal is entirely covered with an arching septum to protect the spinal
cord, and is separated from the ligament of the vertebral colunm. occupying the
dorsal part of the newral canal. The newal process of the precandal vertebrae
is more flexible and more feeble than that of the caudal vertebrae. In the caudal
vertebrae prezygapophyses and the anterior ventral processes are especially well
developad. The last vertebra and the hypural Dones are not consolidated to-
gether. No auxiliary intermuscular bones are found in the cephalic region. Ribs
are not much compressed and hang down the abdominal wall. Pelvic girdle
very small.  Antero-inferior corner of the dorsal flattened part of the hyomaundi-
bular is free and rounded (fic. B). The free trenchant edge of the palatine is
armed with a row of teeth in the genus Scomber. In the lower piece of the
post-clavicle we distinguish the broad proximal part with a short slender anterior
process, and a long slender distal part. Ethmoid is narrow and produced anteri-
orly Deyond the paired lateral processes. The basibranchial chain is namow,
Jaterally compressed, clongated, and nearly straight.

This family is more or less related to the Carangidae, in the presence of
the adipose eye-lids, free spines Dhefore the anal fin, transversely articulated fin-
rays, and opercle with a dorsal notch, narrow subopercle, ete. Dut the family

is distinguislied from the Carangidae in wanting characters of the Perciform
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fishes —narrow  premasillary whicli is not protractile and wants a dorsal proeess,
and o small supplementary bone attached to the posterior end of the premaxillary.
This family has remote relations to the Cybiidne. The genus (Frammaloreynus
of the Cybiidw: lias the sune number of vertebrac as the mackercls, and pylorie
coven are also more or less alike.

STaRKs (69) rightly remarks that “if we could elimiuate the genns Scom-
ber, the family (Scombridae in wide sense) wonld be much nore compact, as
it stands farther from the other genera than they do from each other.”

Mackerels are rather small, grow to a length of about 40 cm. and a weight
of about one kg. They swim genaally in the middle ov lower layers of the
coastal water, and enter into bayvs and inlets, in shoals. Widely distributed in
temperate and subtropical regions.

Key to the genera of the Scombridae.

Body elongated and fusiform, vomer and palatines toothed. ...................... Scomber.
Body deep and eompressed, vomer and palatines toothless, gill-rakers very

long. visible from the gape of the mouth, interspinous bones of the second

dorsal and the anal are flattened. ...... ... ... il e Rastrelliyer.

Genus Scomber.
Scomber, Linnaeus (s. str.) 17538 ; Cuvier, 1817,
Tecth minute, in both jaws in one row, on the vomer in paired oblique
patches and on palatines in one row.
Only two goxl species are known, and only one species is found in the
Pacific Ocenun.

Scomber japonicus Houttouyn.

Saba.
Figs. 1, 7, 16, 28-30.

Scomber japonicus Houttouyn, Memoires de Harlem, XX, 331, 1782; Lacépéde, Histe
Nat. Poiss. 11, 43, 1802; Cuv, & Val. Hist. Nat. Poiss. VIII, 54, 1831; Kishinouye,
Sni. Gak. Ho, I, 4, PL. I, Fig, 1, 1915.

Seomber pneumatophorus Schlegel, Fauna Japon., Poiss. 91, Tub. 47, Figs. 1, 2, 1850,

Seomber saba Bleeker, Verhi. Dat. Gen. XXVI, 93, 1857,

Scowber janesaba Bleeker, Verh. Bat. Gen. XXVI, 96, 1857.

# Scomber tapeinocephalus Blecker, Verh. Bat. Gen. XXV1, 97, Tab. 7. Fig. 2, 1857.

Scomber colias Kishinouye, Joarn. Fish. Bureau, Il, 1, Pls, I, II, 1893.

D. 9-12, 12, 5. A. 1, 12-13, 5. Vert. 144+17. Gill-rakers 13423,
Body fusiform and compressed, its height nearly eqnal to the length of the

head. Teeth minute, about 60 in cach jaw. The scales in the dorsal half of
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the hody are mrranged in nearly horizontal rows, while those in the venteal
half are arranged in obliqua rows, more or less parallel to the veutral median
line of the caudal region, i. e. ventral outline.

Air-Dladder large and fusiform, pointed at both ends. Pvlorie coeca near
the pylorus awe longer and wore numerouns than those removed from it. The
pyloric portion as well as the douodennm are ascending, the latter runs from left
ty right, ccenpying the most antarior border of the abdominal cavity. At the
right corner of the cavity the duodenmm passcs to the small intestine, which
runs backward, then bent forward, a little before the auus, and it is hent again
hackward. A little behind the second bend th: small mtestine ends and is fol-
lowed by the rectun.

About three small veins from the pyloric coeen formn the portal veins; two
veins rumning upou the dorsal surface of the stomach do not form the hepatic
portal veins, but poar divectly to the ductus Cuvieri.

A free spine before the anal is about one fourth the length of the first anel
spine. Each dorsal or anal finlet is sometimes counnected with the body by
» membrane behind it.

Dark branching zigzag bands, about thirty in number, are found in the back.
The number of these bands is nearly the same as that of the vertebrae and tlieir
comse generally corresponds or coincides with the contour line between myo-
tomes. Back bluish green, the colonr hecoming lighter towards the tail.  Belly
silvery white with hridescent lights. Iins greyish more or less washed with
yellow. The space between the posterior nostril and the eye is nearly colour-
less and transparent. The dorsal fins and dorsal finlets, pectorals, and the caudal
are greyish, and sometimes washed with yellow. The ventrals, anal, and anal
finlcts are colouriess.

Among our comimon mackerel we find two different types which fishermen
distinguish mnder the names of ““livasaba ™’ and ¢ marusaba ”, meaning res-
peetively flat and round. In the internal structure we ean hardly distinguish
them ; but in some external chavacters and habitat they differ wore or less. A
comparison of fig. 28 with fig. 29 will give the reader »v very good iden of these
differenees. TLowever, as there are many intermediate forms between these two types
of forms, T can not take them as different speeies. In the typical hirasaba we

comnt 9 spines in the first dorsal, while there are 11-12 in the typieal maru-
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saba.  Morcover in the former variety the dark coloured Iands in the back ran
down beyond the lateral median line.  In that variety the enudal fin is yellowish.
The fish lives near the eoast, but in deeper layers of water. Its ilesh is more
oily and palatable. Tu the other variety which is also called ‘¢ gomasaba ™ the
dark coloured bands in the back are found, only above the lteral median line.
On that line there is o row of round spots, and below the line there are
numerous grevish spots. It is chiefly found in off=shore grounds and in shallower
strata, of water, making larger shoals than the former varicty.

This specics inhabits rather littoral waters, and its range of distribution
in our country i3 very wide, from Karafuto to Taiwan. On onr coast this
species is rarely found in layers of water deeper than about a hundred metres.
We observe more or less the bathybial as well as latitudinal migration of the
wackerel.  In spring the mackerel entexs the Inland Sea, and in summer it is
caught oft Notasan, west coast of Karafuto. In winter it is canght near Ta-
negashima, Kagoshima-ken. In Hondo it is caught all the year round, bnt
large catches are cxpected in summer and autumn. It is also eanght abun-
dantly on the east coast of Chosen, especially near the Channel of Chosen. At
the Channel of Chosen, i. c. at the sonthern entrance of the Japan Sea, ma-
ckerels make thick shoals in spring and antummn.  Two hundred and sisty thou-
sand mackerel with a part of saurel were caught in a haunl with a purse seine.
Sometimes two millions of mackerel arc landed in the port of Hogyoshin near
Fusan in one day. Mackerel are canght in twilight when they come to shal-
lower layers of water. In clondy weather they often rise to the surface.

Adnlt mackerel approach the twenty metre line shoreward, and are dis-
tributed a little beyond the two hundred metre line. They are never fonnd
in the Kuroshiwo, being found in waters of 10-20° C.  Ou a cold day and during
the cold season mackerel are found near the bottom of the sea. The optitaum
density for the mackerel is 1.025.

Mackerel spawn in May. Fry and the immature fish are found among those
of the sardine, anchovy, and the saurel. They grow very rapidly, feeding on
fries of other fishes. When they are about 36 e in length and & kg in weight,
they are ripe for the first time. The age of these fishes is not exactly known.
They may be two or three years old. Tish of about 60 cm long and 1} kg

in weight are very large and rarc.
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In olden times fishermen attracted fish with torch-light, but at present
electrie lamps, acetylene light, ete. are used.s The light attracts many planetonic
animals near the surface of the sea, and thé"y: in turn attract the mackerel, and
other animals such as saurel, calamaries, ctg., gradually towards the surface of
the sea. Thus the time used in catching the mackerel is greatly economised.
Besides light, tole bait is much used to attrgct the fish. Salted mantis-shrimp
is elnefly used for the purpos:. Long lines Ad drift nets are extensively used in
the Japan Sea. Tncircling seines, such as the purse seine and ¢ shibari-ami”
are ehicfly used in the southern part of Chosen.

The mackerel fishery is carried on on a rather small scale, with hand lines,
long lines, or drift nets. The hand-line is most extensively used. The gear
cousists of a line of about 100 m, two brass outriggers or spreaders, each ca
30 em long, spreading from both sides of a conieal lead, three to four hundzed
gr in weight. A worm-gut snood 2 m long is generally fastened to each out-
rigger, with a small hook at the distal end. A small bag is usually fastened
to the lead to hold tale bait. Immatwre mackerel or yearlings are canght in

large quantities with haul-seines in shallow waters.

Genus Rastrelliger Jordan & Starks.
Rastrelliger, Jordan & Dickerson, 1908.
Body deeply compressed. Mouth large, maxillary nearly reaching the
posterior edge of the eye. Dentition feeble, the vomer and palatines toothless.
Gillakers exccedingly long and numerons. Intestine very long, bent several

times. Found in tropical and subtropical regions of the Inlo-Pacific.

Rastrelliger chrysozonus (Ltippel).
Gurukun (Ryukyu Is.), murehji (Naha, Rynkyu).
Fig 63.
Scomler claysozonus Reippel, N. W. Fische, 37, Taf. XI, Fig. 1, 1838,
Scomher microlepidotus, Day, Fish. Tudia, 250, Pl. LIV, Figs. 3—6, 1875—7§; Kitaham,
Journ. Fish. Bureaun, VI, 5, PL. HI Fig. 5, 1897.

Scomler kanagurta, Jordan and Richardsem, Mem. Carnegie Mus., 1939
Rastrelliger chrysozonus, Kishinouye, Sui, Gaku. Io, I, 8, 1915,

D. 10, 12, 5. A. 12, 5. Vert. 13+18.
In freshly preserved specimens in formalin the back is bluish with greenish

lustre in the anterior part, a row of greyish dots on each side of the base of
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the dorsals, two greenish grey longitudinal bands above the Iateval line, and
two golden longitudinal bands from the base of the pectoral.  Cheeks and belly
silvery. Two dorsals and dorsal finlets greyish, and the anal and anal finlets
colourless or tinged with yellow. Peritoninm black.  Interspinous bones of the

second dorsal and anal are flattened, and Interally compressed.
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Fig. W. Skeleton of lLlastrelliyer ehrysozonus. 3/5.

Membrane conneeting the Iranchiostegals is very wide. The last branclio-
stegal is bent Like the letter L. Pylorie cocca are more or less noited to numer-
ous groups at their root, and ecach group to the duodenum with a conmmon ori-
fice. In the eaudal vertebrae thin paired ridges are found on the ventral side.

It is said that shoals of this fish are observed on a ealin day scething near
the surface of shallow water, busily feeding on minnte planktonic organisms.
The fsh are vary alert and not easy to eateh. In the Ryukyn Islands small
individuals are caught in summer, and large ones in winter.

Day fonnd that the ova ripen in March. Tt grows to a length of ea 35 em.

Widely distributed in tropical and snbtropical regions of the Indo-Pacific.

Specimens from southern China, Tormosa and Truck Is. were examined.
Family CYBITDAL Kishinouye.
Cybiidae, Kishinouye, Sui. Gak. Ho, }, 6, 1715.

Body generally clongated and compressad, but plump in the genera Sarda
and Gymnosarda.  Candal pedunele pretty thick and nearly rounded in cross-

section, and provided with & large keel on each side. The keel is covered with
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elongated scales, except in Saida. Head clongated with o long snout.  Mouth
large, and wide. the maxillary estending beyond the hinder margin of the eve.
Tyes generally small.  Posterior margin of the upper jaw, or that of the jugal
in the strict sense, is more or less rounded, as the supplementary bone is well
developed.  Teeth in jaws are in one row only. They are large, crved inwand,
and compressed with trenchant edges. Tongue large, ronnded, conves, but the
glossohyal is comparatively small and narvow.

Corzelet small, more or less distinet, but its scales are not much specialised.
Secales small, generally cycloid, and often concealed under the skin.  Sometimes
scales disappear entirely outside of the corselet, lateral line, and candal peduncle.
Iateral line sinuous, particularly in the posterior portion of the hody, and
the line is often furnished with many minnte hranches (figs. 31, 32, 35, 61).

Fins generally small, especially ventrals, but the candal fin is compara-
tively large. Tin-rays are not transverscly wmticulated in the adult fish. Pecto-
rals are comparatively swall. Tirst dorsal low and long, gradually descend-
ing posteriorly, and its spines are rather weak. Tirst dorsal has generally o
straight or more or lcss convex outline, except in Acanthocylium. The first
spine of the first dorsal is shorter and weaker than some following spines.
There is scarcely an interspace between the first and second dorsal, and the
latter is gencrally a little higher than the first dorsal, except in Gronunatoreynus
and Acanthocybivm.

Peritoneam more or less dusky. Stomach long and narrow, with 12-50
longitudinal folds iuside. Pylorus opens very near the cardine portion ; it is
long, narrow, descending, and communicates with a narrow opening at the ven-
tral side near the distal end.  Duodenmun curved or twisted, enlarged with two or
more branching pyloric tubes high at the posterior side, disposed more or less in «
whorl round the intestine. Pyloric cocen at the end of the terminal branch of
these tubes Dranch dendvitically.  Tutestine is often very long and Dent several
times.

Skeleton is generally spongy, light, and more or less fragile. It is
more or less solid in deanthocylizm and quite firm in Gymnosarda. Skull
clongated, with low and weak occipital crests. Vomer is generally flat, more
or less produced, and covered with villiform teeth, except in Sarda and

Gymnosarde.  Anterior lateral corner of the cthmoid is more or less produced.
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Foramen Detween the basioccipital and pirasphenoid is small and opens nearly
m a horizontal plane.  Paroceipital condyles touch each other at the median
line, and the cecipital condyle is only slightly concave. Nnmber of vertebrac
is 31-04, gencrally more than forty, and varies greatly even among closely
allied species.  Relative nmmber of the eaudal and precandd vertebrae is also
variable.  Differentiation of vertebrae is o little more advanecd than in the
Scombridae.  Sowetimes T fonnd abuormal eases in which two or more
vertebrae  fused  together.  Longitudinal grooves in vertebrae are decp, and
thus the cross-scction of moust vertebrac show a six-radinting figure (figs.
8-12). In some posterior precaudal vertchrae a short hacmal proeess is formd.
Neural process is broad in some anterior precaudal vertebrae, and the process
of the first vertebra is free from the centrum. The last candal vertebra is
consolidated with the hypural Dbones, and forms o fan-shaped bone with =
notch at the median posterior corner. Hypural spine very prominent, but
rather small in Surde and Gymnosarde. One or two auxiliary intermusenlar
bones are found in the occipital region, where the clawvienlar ligament is
inserted.  Intermuscular bones are weakly developed at the anterior portion of
the body only, connected by a few and poor tendons.

Gill-rakers are very poorly developed in the Cybiidac. They ave short,
not wneh compressad, generally o little more than ten in number, and entirely
absent in Lleanthoeybium. A fow gill-rakers are found uear the angle of the
second Dbranchial arch in some forms.  Two or more rows of short denticles are
found on the inuer side of gill-rakers. Rils are found on the dorsal wall of
the body-cavity, as myotomes are bent with acute angles. Pelvie girdle narrow
and elongated.  Generally the lower piece of the postelaviele is nearly straight.

The vascular system of the Cybiidue has many characteristics i—develop-
ment of the venal portal system from dorsil segmental veins in the precand-
al region, origination of the genital artery from the dorsal aorta, remarkable
separation of the dorsal aorty from the cardinal vein with the intervention
of rete mirabilis of the renal portal system between them.  Ureters of both sides
are entively separated.  Kidoeys clongated.  Maoseles nearly colowrless, but the
median  superficial  Iateral portion is reddish. This veddish portion beecomes
rather thick posteriorly (fig. 17).

The posterior side of the preopercle is generally a little concave in Cybium
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and  Graommatorcynus.  The sceond Dbasibranchial is bent downward at the
middle. .

Neural and hacmal spines of the caudal vertebrae are mnot straight, but
more or less curved. The haemal arch in the precandal vertebrac is short,
and  turned  anteriorly, the haemal spine is little developed in the precaudal
region.

Seetfishes are gencrally active wlhen the sea is rongh, and the current
strong, also in the morning and in cloudy weather. They often leap out of
the water, and when they are impounded in a net, they try to get out of it
through the meshes at the lottom, cspeeially at night. Generally they swim
near the shore, but some of them are chiefly pelagic. Many of them assemble
and form big shoals, and approach the shore in the breeding scason. They
are predaceous fish, they feed on small fish such as sardines, anchovies,
saurels, mackerel, and sometimes shrimps and calamaries.  Tound in the
temperate and tropical seas. Many of them are excellent food-fish. Small im-
mature specicens of the Cybiidae are more or less flat and hroad, larger specimens
are thick and elongated. quite contrary to the case of the Katsuwounidae.

This family is related on one hand to the Xiphiidac in the reticulate gills,
abisence of gill-rakers, small narrow scales, cte. through the genus Acantlocybivm,
to the Scombridae through the genus Grammatoreynus, and to the Plecostel
in the form of the body, osteological structures cte. through the genera Swrda
and  Gymnosarda.  This fanily comprises the Scombrinae, Acanthoevbinae, and
Sardinae of STARKs.

Key to the Japanese g.newn of the Cybiidue.

Body clongated, teeth in jaws trenehant, vomerive teeth present.
Gill-rakers none, gill-lamellne reticuluted, intermuseular hones inserted on
R 5000000 005 000000a0060000 5000000006000 000000066666 00000 000000 Acanthoe,bium.
Gill-rnkers present, gill-lamellae not reticulated. intermusenlar bones in-

serted on respective vertebrae.

Two Jateral lines on each side of the body .................. Grammatoreynus.
Only one lateral line on each side of the body........oooiiii oL Cyhivan,
Boady phuup, teeth in jaws with ronnded edges, vomerine teeth absent.
Body covered entirely with small seales, tongue toothless ... oo Sarda.
Body naked outside of the corseiet, tongue covered with villous teeth, pala-
tines are also toothed ........ 00006 6GEcoa o CO0 6300000000008 cevr ... Gymnosarda.

Genus Acanthoeybium Gill.

Acantheeybinm, Gill, 18¢2; Tiitken, 1813 Jordan & Evermann, 1396.
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This genus cowprises o rather aberrant form, wore or less related to the
Xiphiidae. Body clongated, more or less compressed, and covered with small
mirrow seales.  Premaxillary produced anteriorly.  Preorbital forins thie posteri-
or half of the npper jaw. Tecth triengnlar, compressed, and closely set.
Branchial Tamellae are reticulated at  the proximal part.  Gill-rakers absent.
Intermuseular hones we inserted on ribs. The first vib is found on the second
vertebran, not on the third @5 in the other. Moreover the rib is shorter than
the imtermusculw bone inseirted on it.  No auxiliey  intermusenlne boue, and
the first intermuscular bone is inserled on the first vertebra.  Pelvie girdle
broad.

Pelagic and predaccous fish of about lwo metres.  Tropieal and subtropieal

seas of the Pacific and Atlantie.

Acanthocybium solandri (Cuv. & Val.)

Kinuasusawara, okamasu, okisawara, sawara (Kochi-ken, Kyushyu,
Ogasawara Is.), tessubkun (Taiwan), tojinswwara.
Figs. 10, 31, 39.

Cybinm solandri, Cuv, & Val., Hist. Nat. Poiss. VIII, 192, 1831.

? Uybaun sora, Bennett, Beechy's Voyage, Fish, 63, Pl 29, Fig. 2, 1839.

Jdeanthoeybium: solandei, Jenkins, Bull. U, S, Fish Com., XNIIL 111, 18045 Kishinouye,
Dobutsu. Zas. XX, 2, PL 2, Fig. 2, 1908.

2 Aeantlhocybium forbest, Seale, Thllip. Journ. Sci. Biol. VII, 283, 1912,

Acanthocybinm sara, Kishinouye, Sui. Gak. Ho, I, 9, PL I, I'ig. 2, 1915. 0

B.7. D26, 11, 9. A. 11, 9. Vert. 23-33+51.  Gill-rakers O.

Body clonguted and compressed, covered with thin small lanceolate seales.
Corselet indistinct.  Tirst dorsal well developed, descending near the posterior
cud, but its greater part has nearly the same breadth. Sccond dorsal and
the anal very small.  Caudal fin lunate and powerful.  Linteral line is suddenly
and strongly curved, under the middle of the first dorsal. Many vertica)
branches are given off from both sides of the lateral line. Those Dbranches
found in the posterior half of the body wre longer and more numerous. In
each jaw about 50-55 triangular teeth, which gradually increase in size poster-
iorly. Vomer and palatines with villons teeth. First rib on the sccond
vertebra (Starks (69) found the first 1ib on the third).

Stomach conical and very long, reaching a little behind the anterior end
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of the rectum. Pylorns short, curved, and descending, duodenum more or less
widened, with three or four pyloric tubes, the shortest of them is at the
anterior side, and the longest is furthest removed from the pylorus. Intestine
is narow and straight.  Air-Dladder long, more or less spindle-shaped,
rnning  the whole length of the abdomiual eavity. Urinary bladder is
very long and is found attached to the ventral wall of the air-bladder,
and above the rectum in the abdowminal eavity. Two wureters unite to a
median canal near the end of the blended kidneys, and open to the posterior
nd of the bladder.

This species is found chiefly in the clear warm water of the tropieal and
subtropical seas, and is found at the mouth of Tokyo Bay in the east, from
Shimane-ken, Kyoto-fu, and at the north of the southern coast of Chozen. .\
few examples are nearly always found in the markets of southern Kyushyu in
summer and antomn. In the Ogasawara Islands thie fish is cut into picces
and dried after boiling, or is preserved in hermetic cans.

Pelagic fish, do not make a school. Thev feed on pelagic fish and
calnmaries. Voracions and easily attracted with patural or artificial baits.
Caught with trolling lines, which are dressed with live or salted saurel, or with
spears after alluring with artificial fish, made of wood cr canvas to imitate
flying fish or its own species. In Kochi-ken and Kagoshima-ken the fish is
attracted to the shade of a large bundle of bawmboo stems or branches of some
light wood, moored in off-shore grounds, specially eonstructed for the purpose.

The colonr of the fish is steel-blue in the back, with abont thirty dark
transverse bands, which are distinet in young fishes, and in the adult fish
when excited.  Dorsals, pectorals, and eaudal ave Dblackish, while the ventrals
are dusky.

A fish about one and half metres in length, and about seventeen kg in
weight, eanglt off Hachijoshima in Juue contained nearly ripe ovaries.  Another
fish of similar size, caught oftf the Ogasawara Islands in August, 1919 contained
much more slender ovaries than the preceding.  An immature fish, 28 em in the
total lenghth was canght by a bonito-angler off Daiozaki, Miyeken on Aung. 19,
1917.

When speared the fish dwrts against the bottom, and then floats to the

surface dead.



COMPARATIVE STUBY OF SCOMBROID FISITES, 413

A large species of distomun, abut 8 em in length, is almost alwuys fonnd

in the stonach.

Genns Grammatorcynus Gill.

Grammatoreynos, Gill, 1825 Klunzinger, 1884
Nesogrammus, Lvermann & Seale, 1807,

Dody eclongate ], compressed, and  covered with small scales. Corselet
indistinet.  Mouth rather small, waxillavy not reaching the middle of the eye.
A deep groove in the skin from the eorner of the mouth, as in many other
forms of the mackevel-like fishes.  Tongue broad.  Teeth clongated, trenchant.
Villons teeth on the vomer and pulatines. Two dorsals eontinnons.  Second
dorsal and anal arve divided int) finlets in the hind part, and are lower than
the first dorsal.  Gill-rakers short and strong.  Opercle with a shallow notcl-
at the posterior margin. - The lateral keel of the candul peduncle is low and
siwall, covered with a vow of pored scales. Two luteral lives on each side of
the Dhody.

Fish of this genns are wlso an aberant form of the Cybiidae. The in-
signifieant keel on the eandal pedunele, the rather small number of vertebrae,
indistinet corselet, slightly notched opercle, baekward origin of the first dorsal
ete. connect this genus more or less with the Scomiwidae; but trenchant teeth,
continnous dorsals, lage Twoad tongue, renal portal veins, short strong  gill-
rakers, deseending pylovus, deudritie tubes to which pylovie eocen open, beut second
basibranchial, ete. indicate that this geuus is much closer to the other genera
of the Cybiidae.

Only oue species is known from the tropical seas and adjeent waters of

the Indo-Pacific region.

Grammatorcynus bilineatus (Rippel).

Kusarah.
Figs 8, G2
Thopnnes b Lineatus, Rippel, o W Fische, 3), Taf. 12, Fig. 2, 181); Giinther, Cat. 11,
366, 1861,
G rammatoreyans bilimeatus, Gill, Proe. Ae. Philad. 125 1862, Klunzinger, Fisch. Roth Meer,

113, 188¢; Kishinonye, Sui. Gak. o, L 86. 1915
Nesogrammus piersoni, Evermanu & Seale, Bull. Bur, Fish. XXVI, 61, 197.

D. 12,9, 7. A 10, 7. Gill-rakers 5+16. Vert. 15+18.
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Body elongated, fusi-
form, covered with small
thin scales. The cheeks
are covered with many
small scales. Top of the
head flat, and the greater
part of the frontals is direct-
Iy covered by the skin.
Eycs Twrge.  Vower flat-
tened, villons teeth in a
median  group.  Oeccipital
crest  low. Opisthotic
forics a small portion at
the posterior dorsal portion
of the skull. No anxiliary
intermusenlr Lone.  Tle
first  dorsal  interspinouns
bone scewss to belong to the
myotome  of  the sceond
vertebra, as in the case
of the Seombridae. The
second dorsal and anal ave
covered ntively with clon-
gated narrow  seales. The
ventral or the external side
of pectorals is also covered
with similar scales.  Toeth
in jaws are small with
trenchant cdges, about 27
in the upper, and about
20 in the lower. The
condyvlor  ficet  of  the
basioeeipital  is slightly

hollow and oblique.  Arti-
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Skeleton of Grammatoreynus hilineatus.

Fig. X.
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culating facets of the exoecipitals are nearly lorizontal processes not united
at the middle, they project backward over the condylar facet.  The  neural
proeess of sone anterior vertebrae is noticeably broad.

Stomaeli coceal, rathar short, with about nine longitudinal folds iuside.
Pylorie portion descerding, short, and thick walled, with abont five longitudinal
folds iuside. Duodcnumn obliquely deseending.  Pyloric cocen shoit, numerous
and branching. These are more or kss gronped into several clusters, chiefly
amranged on special tubular outgrowths.  Posterior into  the  duodennn  the
intestine is nearly straight.  The liver is three-lobed, the middle lobe shortest,
while the right lobe is longest.  Urcters ave nnited ab the posterior cnd of the
blended kiducys.  Urinary bladder swall, with o short dorsal edizn septnm,
near the anterior end.  A-bladder well developed.

The volgar nauce ot this fish is kuswah in Byukyu, meaning perishable,
as the fish decomposcs vary quickly.  The fish is said to be mfaior in taste.
Speciens examined ware from the Mershall and Ryukyn Tslands.  Most of

them are about thirty em. in the total length.

Genus Cybium Cuvier,
Cybium, Cuvier, 1829, Giinther, 196
Scomberomorus, Lacépede, 18025 Dressler & Fesler, 1889 ; Jordan & Evermaun, 1836.
Body elongated and more or less compressed, covered with thin small
scales, or sometimes naked ontside of the corselet.  Lop of the head more or less
convex.  Posterior nostrils elliptical.  Mouth large, upper jaw extending beyond
the hind margin of the eye. Posterior end of the upper jaw rounded, and its
lower margin nearly straight, being forwed by the premaxillay only.  Teeth
large, compressed, and curved inward with trenchant cdges.  Gillnkers few
and short.  Dentigerous ossicles on the branchial arch are in two rows.  Skull
clongated, with its dorsal surface somewlat flattencd, and entirely covered
with muscles.  Oceipital crest low, hut continuous to the median ridge of the
frontels.  Vomer projects as an oval flat process, and is covered with villous
tecth. Pylorus loug and slender.  Pylorie cocea dendritie, more or less coarse,
and open to branelics arranged on both sides of pylorie tubnles.
Tishes helongivg to this geuus are generclly luge, and wove in shoeals,

inhabiting temperate and tropical regions, where industries of some importenee
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are established upon them. They are generally good in taste, the flesh being
fatty and delicate in strocture.

In 1803 LACEPEDE created a new genus Scomberomorus for a fish of this
genus, by esamining an inaccurate copy of a sketch by PruMier, which
represented the two dorsals as if they were connected together, But afterwards
LactrEDE found that lis Scomberomorus plumierii was a synonym for Scomber
regalis BLocH ; so that he withdrew the genus afterwards, and omitted it in
the index of his work. Moreover the following diagnosis of the genns written
by LACEPEDE is quite inmappropriate for any fish of the Cyliidue, The
disgnosis is written as follows :—

“Une seule nageoire dorsale; de petites nageoires an-dessus et au-dessous
do la queue; point d’aiguillons isolés an-devant de la nageoires du dos ™.

I have found the five following species in our waters. Thongh JoRDAN
and RicHARDSON (29) mention the name of C. kuldi in their catalogue of
Formosan fishes, T was unable to find the species.

Key to the Japanese species of the genus Cybiwn.

Lateral line simple, air-bladder present.

Pectorals pcinted, many transverse bands on the body................... C. commerson.
Pectorals large and rounded, indistinct spots in one OF tWO rOWs... oo ..uven. . chinense.

Lateral line with numerous fine branches, air-bladder absent.
Tongue toothed, lateral line shghtly nndulatina.
Height of the boly nearly equal to the length' of the head, seconl

eEspl) SO 000006060000 00 CNNNRIRIRIREIRAR | 106 0 06 0000 88600 8880000 . guttatum .
Height of the body much greater than the lenuth of the head. ...... €. Koreanum.
Tongue nnked, latcral Iine with a marked curve. ...........oiiea.... ... % niphonivm.

Cybinm commerson (Laccépede).
Yokoshimasawara, totuh (Taiwan), ushisawara.
Lig. 36.
Scomber commerson, Lacépode, Hist. Nat. Poiss., IE 600, PL. 20, Fig. 1, 1800.
Cyhian commersonii, Cuvier, Regne Anim.; Riippel., Atl. Fische, 91, Taf. 25, Fig. 1,
1823 ; Cuv. & Val, Hist. Nat. Poiss., VIIT, 165, 1831; Riippel, N. W. Fische, {I;
Gimther, Cat. 11, 370, 1860; Lwy. Fish. India 255, Il LVI, Fig. 5, 1875-7S;

Klunzinger, Fisch. Tloth. Meer, 112, 183L
Cybium multifasciatum, Kishinonye, Sui. Gak. Ho, I, 9, PL 1, Fig. 3. 1915,

D. 17, 15, 9. A 14, 9. Gill-rakers L+2. Vert. 204-24.
Body elongated, fusiform, highest near the middle part, that is at the

origin  of the second dorsal, and nearly rounded in cross-section.  Snout
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long.  Minute seales are found all over the lody. Lateral line nndulatine,
making o marked curve behind the second dorsal.  Seales on the lateral line
are about 230 in nmuber.  Teeth in jaws short, triangular, nearly straight,
nwich eompressed, and very minately serrated as in cleanthocylium.  There are
about 30 in the upper and 20 in the lower jaw. Teeth on the vomer and
palatines are very minute, granular aud indistinet, n5 KLUNZINGER rightly
remarked © viele rauhe Plittchen.”  The intestine is very long, and bent four
times.  Air-Lladder present.  Lateral keel of the eauwdal pedunele rather low.
Back greyish blue, and the Delly silvery. Ou side of the body about filty
transvearse bands which fade gradually towards the ventral median line. Iu
young spceimens these bands are roprescntad as elongated dots on the sides
and very few in munber. With the growth of the fish, these markings elongste
and inecrense in number. Mouth eavity rearly eol wrless.

The flesh is said to be fotty but fim, and is snperior in taste to that of
our common secerfish, Cylium niphonium. Spawning season seems to be in
spring, when they visit the coast of Taiwan in sclools. In July immature
fishes of about ten em. are found in Taiwan, and immature fishes of about
twenty cm. in the markets of south China in autunm.

Tle first specimen caught in Japan proper and identificd as belonging to
this species was found by Mr. Yozo Nagasmia, at the northern coast of
Yamaguchi-ken, and was sent to mwe for identification, in Dec. 1914. The
fish measured 126 cin in the total length, and 20 kg in weight. Acecording
to Mr. Nagasnaa this species is caught on the Japan Sea coast of Yamaguchi-
ken from October to January, in fixed seines or gill-nets for Seriole  quinque-
radiota. Only two or three are canght in a haul. Here they scem never
to come to a ground shallower than 30 metres.

This species is abundant on the west coast of Taiwan in winter ard
spring. It is very widely distributed in the Indo-Pacific region, being known
in New Guinea, East India, India, Red Sea, Cape of Good Hope, Samon, and
Australia.  Mr. K. Mivagayr collected many immature specimens in autumn
in sonthern China, and a few stragglers are caught on both sides of the Strait
of Chusen in auntumn and winter. This speeies is renuwkable for migrating to
the north in cold months and to the south in warm months. Large schools

are hanled in Taiwan in n scine or canght with troll-lines, set ncts, or drift
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nets.  Caught abundantly on a ealn day after o strong gale.

Cybium chinense Sclilegel.
Tnusawara, ansawara, hasawara, hoteisawara, kusamochi, okisawara,
uke, nshisawara.
Figs, 34, 40.

? Semaber sinensis, Lacépede, Hist. Nat. Poiss. III, 23, 1872

7 Cyhoem chinense, Cav. & Val., VIII, 180, 1831.

Cyhium chinense, Schlegel, Fauna Japon., Poiss, 100, Tab. 53, Fig. 1, 1850; Kishinouye, Sui.
Gak. Ho, I, 11, PL. 1, Fig. 5. 1915

Scomberomorus chinensis, Kishinouye, Zool. Mag. Tokyo, XX, 1. PL 2, Fiz. 1, 190S.

D. 16, 15, 8. A. 16, 7. Gill-rakers 2+9. Vert. 18+ 22.

Body eclongated, laterally compressed, and becomes deep rather suddenly
behind the nape in some forms, probably the male. Head large, pointed, and
coneave in the dorsal outline. Snout long. Teeth in jaws lanceolate, trenchant,
and eurved inward, about 20 in the npper and about 15 in the lower jaw.
Villiform teeth ou the vomer, palatines, and the tongne.  First dorsal rather low,
becomes almost invisible in the posterior part, being hidden in the groove.
Caudal very large and powerful. Pectorals remarkably large and rounded.
The lateral line has a marked curve under the posterior part of the first dorsal,
and is undulating in the caundal portion, where the lateral line is found below
the Iateral median line. The intestine is bent a little near the middle point.
Abdominal eavity rather high.

Back greenish Dblue, belly silvery, and fins mostly blackish.  Ventrals and
the anal are Dlackish a$ the margin, but the anal finlets are quite colourless.
Ivis is silvary or washed with light hrown.

This species attains a big size, being the largest one among our scerfishes.
A fish of 2 m in length, and 80 kg in weight is recovded.  Too fat, and more or
less inferior in quality.  Not sought after with o special fishing apparatus.  Some-
times unintentionally eaught in nets for other fishes. Rather abundant on the
southern coast of Chosen, two or three dozens of this species being often eaught
on an autunm day, in a pouna-net erected at a depth of abont 20 m; and in
the fish-market of Fusan gigantic forms of this species attract visitors' eyes.

On the Pacifie coast the northern limit of the distribution of this spzcies
is found in the cast off Chiba-ken, and in the Japan Sea off Akita-ken.
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Chicfly found on the coast of the southwestern part of our conntry, in Kynshyu
aud Chosen.  More or less abnndant in the Japan Sea. Not found in the
clear warm water of the Nuroshiwo. It is said that this specics is often found
at n spot where two currents of water meet in violent commotion, and this
species seems to have habits similar to speurfishes.

Whether  Scomber  sinense Lisctrkpe and  Oyblwm  chinense CUVIER are
synonyms of this species is not quite certnin, us their descriptions heing
founded on a Chinese pictiwre are very poor; bnt so far as we know thae is
no other species in the oviental waters than the present one which has the
Iateral line bent beneath the first dorsal.  Therefore the Chinese picture on

which these species were founded will probably represent this species.

Cybium guttatum Cuv. & Val.
Kalipah.
Fig. 61.

? Scomber qultatus, Bloch, Schneider, 23, Taf. 5, 1801.

Chium guttatum, Cuv. & Val., Hist. Nat. Poiss. VIII, 173, 1831; Giinther, Cat. II, 371,
1860; Day, Fish, India, 255, I’l. LV, Fig. 1, Pl. LVI, Fig. 4; Cantor, Malay Fish.,
111, 1849; Kishinonye, Sui. Gak. Ilo, I, 379, 1916.

D. 16, 19 or 20, 8 or 9. A. 21, 8. Gill-rakers 24-8. Vert. 21+ 30.

Body clongated, latcrally compressed, and nearly naked outside of the
corselet.  Candal portion long and broad.  Seccond dorsal, anal, and the candal
well developed, but the pectorals are small.  Teeth in jaws sharp, about 17,
minnte teeth on the vomer, palatines, and the tongue. Lateral line is nearly
straight with a slight bend, o little Defore the eandal keel. Numerons short
branches are found in the anterior half. They are obligue, closely set, and are
longer towards the nape, diverging backward. The scales on the lateral line
ave about 170.

The right lobe of the livar is large, while the middle lobz is short and
narrow. Intestine is slender with o loop at the middle. The immer wall
of the stomach has about twenty longitudinal folds, half the number of which
are smaller and alternate with the larger. Pylorus descending, stump at the
distal end, and communieates with the duodenum by a very narrow opening.
The duodenum i3 nearly as long as the pylorns, wide at the fore end, with one

auterior pyloric canal and another large posterior canal.  Air-bladder wanting.
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Body silvery greyish with several rows of dark spots on the side. Two
dorsals, dorsal fiulets, and the candal are black. Anal and anal finlets are
colourless.

Specimens cxamined measure about 60 cin.

Widely distributed in the Indo-Pacific region and also in Australian waters.

Rather abundant in Taiwan.

Cybium kareanum Kishinouye.
Hirasawara.
Fig. 35.
Cybium koreanum, Kishinouye, Sui. Gak. Ho, I, 11, Pl 1, Fig. 6, 1915.
D. 14, 19-21, 9. A. 18-21, 7. Gilloqakers 3+10. Vert. 20+ 26.

Body very deep, deeper than the length of the head, and Droadest at the
line connecting the origin of the sccond dorsal and that of the anal. Snont
short. Small scales are found in the corsclet, lateral line, and round the basc
of the fins. They are, however, chiefly concealed under the skin, so that the
body seems to be entirely naked. Tecth in jaws sharp, elongated, 16-19 in
the upper, and 13-15 in the lower jaw. Villous teeth on the vomer, palatines,
and the tongne. Two gillrakers are fonnd on the secoud branchial arch.
The lateral line runs nearly parallel to the dorsal ountline of the body, with
slight undnlations. Many branches on both sides of the anterior half of the
lateral line are quite similar to those found in C. guttutum. The ventrals
are very small, but the other fius arc well developed, especially the second
dorsal, anal, and candal. Intestine very long, bent more than four times.
Short Dlind process ut the end of the slender pylorns. Air-bladder wanting.
Abdominal ecavity very low, compared with that of other seerfishes. The
inner wall of the stomach has about 15 longitudinal folds. Towr pyloric tubes
from the duodenum, of which the second is the longest.

Oceipital crest very high., gradually ascending behind. Hyoid bones,
clavicle, and hypocoracoid very broad. One suxiliary intermuscular boue in
the oceipital region. In some eandal vertebrae we find a Iateral median groove
ou each side, so that their cross-section is more or less octo-radiate.

The whole body shives brilliantly with a1 metallic lustre. The back is

greyish blue, and the Delly silvery. There are three or more longitudinal rows
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of small greyish spots along the lateral wedian line.  Fins blackish, ventrals
and anal finlets excepted.

Tt is remarkable that this fish spawns at the month of Daidoko, near
Chinnanp> in July, and the immatare fish is canglt in stow nets uear the
port. in Angnst and September.  Grows th a length of more thau one and n
half metres, and abont fiftcen kg in weight. Mabmres when the fish is
about 2.25 kg in weight and 75 em in length. At Chinnanpo the water
is torbid, of a brownish eolour, and in warm seasons its density at 15°C is
1.0126—1.0164 near the surface, and 1.0166—1.0182 near the bottom.

So far as we know the distribution of this speeies is limited to the west
and south coasts of Chiosen.

Canght in summer and autumn with  drift nets or in ypound-nets. The
fishery of this fish in Daidoko was begnn by Japanese fishermen since 1917.

It feeds on sardines, ancliovies and shrimps.

Very nice food fish; but becomes inferior in the spawning seasom.

Cybium niphonium Schlegel.
Sawara, sagosli.
Figs. 6, 9, 52, 41.
? Cybiwm niphoniwm, Cuv. & Val, Hist. Nat. Poiss., VIII, 180, 1831,
Cyybun niploninm, Schlegel, Fauna Japon. Poiss., 101, Tab. 53, Fig. 2; Kishinouye, Sui.
Cink. o, 1, 10, PL 1, Fig. 4, 1915, '
Scomberomorus niphonius, Tanaka, Fish Japan, I—X, 154, Pls. 42, 44, 1912,

D. 19, 15, 9. A. 15-17, 8. Gill-rakers 3 +9-10. Vert. 22428,

Body slender, clongated, and compressed, covered with snch minute seales
that they are not stripped before cooking. Corselet indistinet. First dorsal
very long, and its dorsal outline is of very slight slope. Pectoral concave at
the inferior posterior margin, Lateral line undulating, and has a marked
curve below the second dorsal. Many small branch-canals are found on both
sides of the Iateral line, but they are not so distinet as in C. guttatum and
C. koreunum. Teeth in jaws lanceolate, enrved, and trenchant, abont 25 in
the upper and about 20 in the lower jaw. They are a little smaller than
those of other species. Villous teeth on the vomer and palatines, but none on

the tongue. Ouly one gillraker on the seeond gill-arch.
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The right lobe of the liver is longer than the others. The inner wall of
the stomach is provided with about 12 longitndinal folds. Tutestine slender,
straight, without any loop. No blind sac to the pylorus. Duodennm saceular,
more or less flattened, and wide. Thae ave nbount six pylovie tubes. The
tube opening just behind the pylorus is longest.  No o air-Dladder.

The whole body shines with a metallic lustre.  The back is light greyish
blne, washed with green, and the belly silvery. In a living fish we observe a
purplish shade. Seven or more longitudinal rows of greyish spots ave found
on ecach side of the body. Some anterior spots in the median row are often
conneeted together. The male fish is said t)» T darker in colour than the
female. Pectorals, two dorsals, and the caudal are Dlackish. Ventrals and
the anal are ncarly ecolourless. Tmmature fishi of abont 7 em lacks markings.
They ave broader, compressed and have o longer head than the adult.

Grows to a length of about 1 m. and 4.5 kg in weight. A fish under
one half metre long, and about one kg in weight is generally imumatare, and
is called ““sagoshi.’”” A fish under about two kg in weight is called ¢ koza-
wara ' by fish-mongers.

This species is a good and valuable food-fish, canght all the vear round,
and especially abundant in spring, when the fish spawns. Spawning season
is from April to May. The ripe ovum is very large, about 1.5 mm in
diameter. The larval fish is remarkable in having « large head with well
developed strong teeth in jaws. Immatore fish of abont 3 em ave fonnd in
April and May. They grow to 10—20 cm in winter. Those immature fish
are found in shallow waters and are canght in drag seines for sardine.

Ovarian ova do mnot mature at the same time; but here and there some
ova hecome large and transparent, and assemble to the central cavity to he
discharged.

Though wanting in the air-bladder this species has o rather wide range
of vertical distribution, swimming near the swriace of water in warm seasons,
and  descending to the deeper layer of waters in cold scasons. (ieographi-
cally this speeies is widely and abundantly distributed in coastal waters
(10—20°C, 1.022—1.024 in dewsity) of our empirc;—Hondo, Shikoku,
Kyushyu, and Chosen, and also in waters of northern China.  Most abundant

in the middle part of the cmpire, cspeeially on the coast of the Inland Sea,
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bnt becoming wore searee in the northern and southern pats. A few stragglors
are sowetimes fouud on the coast of Hokkuido. This specics cuters the Inland
Sea and bays in the spawning season. It becomes very lean after spawning ; Iut
recovers its fattiness already in antumn.  In summer and antwnn the fish is
often found near the surfuce, it leaps ont of the water, but in the cold months
it lives ncar the bottom. At the {flood-tide the fish is more active and is
suid to pwsue swall fish violeutly, often tearing drift nets with force.  Tlus
fishermen of some villages of Nagasaki-ken are said to use the drift net for
this fish at the time of the ebb-tide only.

A fishery expert in Kagawa-ken estimated the number of ova spawned
from an adnlt fish in a scason to be 550,000—870,000.

In the migration to the Inland Sea the male fish is more numecrous at
the Leginning of the season; but the female fish predominatcs near the close of
the scason. At this tiwe the female fish may easily be distinguished from the
male by the thick and swollen abdomen.

Canght with troll- or hand-lines, sct-nets, drift ncts, seincs, pound-uets
cte. Long lices are seldomn uscd, as the fish are not easily induced by dead
or inactive baits. When emponnded in pound nets at night the fish seem to
try to escape through the meshes at the bottom.

In the Inland Sea trollers expect good catches within the two hows before
and after the ebb-tide, cspecially at dawn. In this sca the fish feeds princiim.l-
Iy on the sand-eel.

A jaw bone of this fish was found in a shell-imound in Chiba-ken, which
proves that the prehistoric people in our islands also canght this fish. However
the fishery of this fish seems to have developed very slowly. The name is not
mentioned in very old literature, such asg the ¢ Yengishiki” and the < Man-
yoshyu ”, though many other common kinds of fish are cnumerated.

Late in November, 1902, a fisherman of Niihama, Yehime-ken, cauglt
about fifty adult sawara with drift-nets. This untimely catch cansed much
astonishment.  Generally adult sawara leave the Inland Sea soon after spawn-
ing, latest at the end of June.

From a recent inquiry of the Experimental Fishery Station of Kagawa-
ken, it Dbecame clear that this species comes to the Tuland Sean again in

autunm, though mnot so abundant as in spring. However, it is thought
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that the fishery in autumn in the Inland Sea will be remmnerable to open-

boat drifters.

~

Genus Sarda Cuvier.
Sarda, Cuvier, 1829 ; Jordan & Evermann, 1895,
Pelamys, Cuv. & Val., 1831 ; Giinther, 1860.

Body clongate, but rather short and compressed in young specimens.
Seales mivute, and a small eorselet more or less distinet. The eaudal keel is
thick and naked. Tecth in both jaws are large, compressed, and strongly curved
inward, but not trenchant. Near the anterior end of the lower jaw, the row
of tecth is bent inwards and approaches the symphysis. Vower is toothless,
Lnt a single row of rather strong and curved teeth on the palatives. Tongue
also toothless. Many dark, lovgitudinal, more or less oblique stripes are found
in the dorsal part of the body. Vertcbrae of the candal pedunele have lateral
keels. Voracions fish of rather small size in subtropical and tropieal waters

of both Pacific and Atlantic Ocean. Pelagie.

Sarda orientalis (Schlegel).

Hagatsnwo, hohzan, kitsnnegatsnwo, sabagatsuwo, shimagatsuwo,
snjigatsuwo, tolzan, ete.
Figs. 11, 17, 33, 42.

DPelumys orientulis, Schlegel, Fauna Japon. Poiss, 9), Tab. 52, 1850; Giinther, Cat. Brit.
Mus, II, 368, 1860.

Sarde chilensis var. orientulis, Stendachner & Ddéderlein, Beitr. z. Kennt. d. Iisch. Japan.,
1T, 11, 1883.

Sarda orientalis, Kishinouye, Sui. Gak. Ilo, 1, 12, 'L 1, Fig. 7, 1915.

D. 19, 15, 7-8. A. 15, 5-6. Gill-rakers 44+9. Vert. 25+ 20.

Body clongated fusiform in adult specimens, but rather short and com-
pressed in young specimens. Mouth wide, maxillary reaching beyond the
orbit, with large curved and compressed teeth. Teeth in jaws are more or
less unequal in size. About 16 in the upper, and 10-13 in the lower jaw.
Groove in the skin from the corner of the month is present, ns in the tunnies.
Posterior mnostril is a mere slit. Seales minute. ILateral line unduolating
slightly, aud has a peeuliar, wave-like bend over the peetoral fin.

Stomach long, with more than twenty longitudinal folds. Intestino
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nearly straight, boundary of the rectum indistinet. Pylorus descending with a
few longitudinal folds inside, and rather narrow.

Liver consists of three slender lobes, of which the two lateral lobes are
very long and nearly equal in length, while the middle one is short.

Myotomes are strongly folded, so that in the cross-section of the lateral
muscle we count nearly as many rings as in the same of tunnies. The
median wedge-shaped portion of the lateral muscle is reddish, and the red
portion beecomes thicker towards the tail. On the swface of the last myotome
we cannot find a tendon.

Skeleton porous and rather weak, and much 1esembling to the type of
the Cybiidac. The vertebrae of the eaudal peduncle are provided with lateral
keels, eachi of whiel is divided into two, anterior and posterior portions. Two
auxiliary intermnscular bones are found on the exoccipital,—one on the dorsal
wall of the foramen maguum, the other a little forward. At the dorsal part
of the dlaviele the anterior pointed provess is widely sepurated from  the
posterior lunellar part.

Grows to a length of abeut S0 e and to a weight of 1.5-5.0 kg.

I'lesh is rather soft, and inferior in quality.  Generally this species is 1ot
specially sought after, except in Kyushyu, but is caught as an adjunet in
fisheries of the wackerel, bonitos, seuds, cte. It is said that in Kyushyn a
few pound-nets are specially built for the eapture of this specics.

This species lives rather near the surface of the coastal waters, and some-
times makes large shoals. It lites cagerly on o bait, natural or atificial,
kence it is easily caught with trolling lines.

Found in the southern parts of our waters, both on the Pacific as well
as on the Japan Sea coast, cspecially abundant in Kyushyu. Many years
ago, an immatare example was caught in o drag-scine on the Pacifie const of
Aomori-ken. The Hawaiian species of Surda scems to be the same as the
Japanese speeies, but the Californian seems to belong to the Chilian species.

Many authors have confounded this species with an allied species from the
Pacific coast of South Amerien; but the difference between them is quite
evident. As SCHLEGEL rightly remarked, the pectorals are smaller in Surda
oricntalis, and pot ouly these fins but the other fins are also smaller.  Moreover

the number of gill-takers is 9+ 17 in Sarda chilensis, and the number of
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vertebrac is 22422, The dark stripes in the back are fewer, and more

oblique in S. chilensis, and mueh wider apart than in S. orientalis.

Genus Gymnosarda Gill.

Gymnosarda, Gill, 1862.

Body long, fusiform with a large head. Mouth large, but the maxillary
does not reach beyond the orbit. Eyes large. Scales in the corselet elongated,
and concealed under the skin. Outside of the corsslet and the base of the
fins the skin is entirely naked. TLateral line undulating. Teeth in jaws
large, curved, and nearly conical. Villous teeth on the tongue and palatines,
but the vomer is toothless. Caudal portion very slender with a well developed
keel on each side. .

First vertelra is very short. Cross-section of caudal vertebrae is more or
less cruciate, but the lower end of the perpendicular limb is always hipartite.
Anterior precaudal vertebrae with three ventral grooves. In external ap-
pearance fishes of this genus are closely related to tunnies.

Pelagic fish of voracious habit, and of somewhat large size in the
littoral waters of the tropical region, chiefly Indo-Pacific; but a species is
recorded from European waters,—the Mediterrancan and the North Sea. In spite
of great differences in esternal characters, as well as in the internal anatomy,
many authors confounded this genus with the gencra Katswwonus and Euthyn-

nus of the Katsuwonidae.

Gymnosarda nuda (Gunther).
Isomaguro (Ogasawara Is.), tokakin (Ryckyu Is.).

Thynnus (Pelamys) unicolor, Lippel, N. W. Fisch., 40, Taf. 12, Fig. 1, 1838

Pelamys nwla, Ginther, Cat. Brit. Mus, II, 368, 1830 ; Klunzinger, Fisch. d. Roth, Meer.,
110, 1884,

(iymnosardis nuda, Kishinouye, Sui. Gnk. Ho, I, 13, P'L 1, Fig, 8, 1915.

D. 14, 13, 7. A. 12, 6. Gill-rakers 2+10. Vert. 19 +19.

Body fusiform, entirely naked outside of the small corselet. Head com-
paratively large and the eandal peduncle very slender. As the scales of the
corsclet are concealed under the skin, small wrinkles are found around the pecto-
rals, and several longitndinal farrows on both sides of the dorsals. Tower jaw

broad. Tecth in the upper jaw are 18-23, and in the lower jaw 10-16.
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Lateral line runs parallel to the dorsal ontline of tho body, nearly to tho
twellth spine of the first dorsal. Below the spino the line is bent downward.
3ehind the vertical from the first dorsal finlet, n few undulations in the line.
Scules of the lateral line are also concealed under the skin, and on both
sides of the pored scales we find two or three rows of minute seales. The
lateral keel of the candal portion is also covered with minute, clongated
seales. The third spine of the fust dorsal is longest and thickest, though
AWppEL reports that in his speeimens the second spine is the longest.  Air-
bladder large and thick-walled, though RTrren denies its presence. TPylorie
cocea form a conspicuons mass in the abdominal cavity as in other forms of
the Cybiidie, so that it is strange that they escaped the eyes of RUprer, but
the fact that the mass of the coeca is enormously developed deceived the
natwalist, probably the mass was taken as a pwt of the liver or other organs,
as IKLUNZINGER (49) vemarked in his work.

Skeleton firn and strong.  The namber of vertebrae is very small, compared
to that of the species of Cybium. Skull flat and broad. Anterior half of the
frontals is provided with many oblique ridges, and covered divectly with the
skin. Posterior margin of the preopercle is a little undulating. Dorsal
anterior margin of the operele is slightly concave. Inner limb of the
subopercle is large.  First vertebra is very thin and its neural process is free
from the centrum. Anterior precaudal vertebrae want the parapophyses, and
the lateral kecl of the caudal peluncle is narrower than the diameter of the
centrum. The last haemal process is coalesced to the fan-shaped hypural
bone. Cross-section of vertebrae is not exactly cruciate in most of them, but
more or less sex-radiate. Haemal arch is formed from the eleventh vertebra,
and haemal spines of some length are found in precandal vertebrac. Inter-
museanlar bones are very numerouns, being found to the 29th vertebra.

Colour is said to be dark bluish to violaccous at the back, and greyish
white at the belly. Top of the head and the anterior end of the lower jaw
are greyish. Fins are black or greyish, leaving the tip of the second dorsal
and anal colourless.

It is told that the fish attains the big size of about 240 em with a weight
of 80 kz ; but fishes now commonly caught at the Ogasawara Islands are 100~
150 em in length, and 20-30 kg in weight.
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Known from the tropical regions of Indo-Pacific waters. Caught with
harpoous, hand-lines, and trolling lines at the Ogasawara and Ryukyu Islands

Voracious fish, resorting to the rocky bottom of coastal waters in small
schools of tens or scorves, devouring Caesio, Decaplerus, ete.  Not found in off-
shore waters. Caught at grounds about 20-200 n off; with hooks dressed
with live haits. Bites hooks readily in the twilight. When there is no tidal
current the fish is easier caught. A Detter cateli is expected in the spawning
season, May aund June, though it is caught all the year round. Some
coudemn the flesh of this fish as soft and wsavowry, but others conunzend it
a3 delicions. This difference of opinion is perhaps due to the difference of
season in which the fish was tasted. KrusziNger (49) says “selten einzeln,
in hohen Meeren, ieist tief, kowmt selten herauf. Frisst als Lockspeise

Clupeiden und kleine Sphyrinen. Fleisch geschitat.”

Tig. Y. A caudal vertebra from a shell-mound of Ogido. 7/9 nat. size. From left. dorsal.
Iateral and ventral views.

Recently Mr. Axiry MaTstMURA of the Anthropological Institute; of our
University sent me for identification a large vertelna obtained from a shell-
wonnd in Ryukyu. The vertebra is-closely allied to the 3lst vertebra of the
present species, but not exactly, diflering in the shape of the lateral keels,

and the nenral and haemal grooves.

Order PLECOSTEIL Nishinouye.

lecostei, Kishinouye, 1917,
Thunnidac. Kishinouye, 1915.
Thunginae, Starks, 1910,
Group of teleostomatous fish, having a cutancons vascular system, con-

nected with the vascalar plexus developed as sheets in the lateral muscle.
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Portions of the lateral muscle surronnded by these sheets of the  vasenlar
plexus are situated on hoth sides of the vertebral colmnm, aund are dark red,
nearly blwk in colour.  Awother peenlinr vasenlir plexus is developed on the
joncr side of the liver or in the hacmal eanal.  Moveover the civenlation of
blood i the liver is especially well developed.

Thus this group of fish is distinetly defined from the other forms of the
Teleostomi, and eomprises the most highly speeialized foring of fishes.  There
is no doubt that thev are descendants from the Acanthopterveii, among which
they should have been classified.  They are most closely allicd to the genewa
Sarde and Gymnosrdo of the Cybiidae.

The body is well adapted for swilt loeomotion, being plump, pointed at
Foth ends, and siwooth at the swface.  Candal pedunele very slender, hut with
Lroad lderal keels. Head triangular, neawly flat at the top. Snout shortor
and the mouth smaller than in the Cybiidae, the upper jaw écm‘ccl)' reaching.
the vatical from the middle of the eve. The posterior part of the external
margin of the npper jaw is not straight, but bent downward, due to the over-
lapping of the maxillary over the premaxillary.  Posterior end of the upper jaw
is straight. due to the form of the supplementary bone.  The anterior nostril is a
were point, and the posterior ncstril a transverse slit.  Scales large and thick
in the corselet, and those Lehind the eyes arve thick aud elongated. Scales are
ctenoid at the margin but smooth at the surfuce. Opercular region is entirely
naked. Corselet is covered with a thick wemlrane of strong connective tissue,
to protect the thick part of the peeuliar cutancous vascnlar system.

Iins are well developed with thick spines and strong fin-rays. In the
first dorsal the fist spine is not inferior in size and thickness to any sneceed-
ing spives, and the posterior side of the dorsal outline of the fin is coneave.
The caundal fin is fim and very widely forked, more or less lunate in shape.

Gill-rakers arve long and fine, and are developed on both sides of branchial
arches. Abdominal eavity is narow and depressed, as the ventral proecesses of
the precaudal vertebrae are well developed, consequently the hypasial portion
of the luteral musele in the precaundal portion is very thick (Figs. 18, 19).
Portions of the lateral muscle on both sides of the vertebral column are
coloured dark red or blackish. These portions are called “ chiai ” in Japanese,

aud each dark red portion is tlick at the auterior end, tupering gradually
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towards the posterior end. The chial portion is soft and poor in taste, and
contains about seven to fifteen times as mueh blood as the other portion,
estimating from the colour.

Pylorns short, descending, runs along the inferior side of the stomach.
Dunodenum receives at the posterior side five or six dendritic ecanals ecarry-
ing the tufts of pyloric coeca, and in bonitos two short tubes on the auterior
side as well. These dendritic tubes greatly vary in length. FEach terminal
branch of these tubes ends with a tuft of coecal outgrowths of nearly equal
size, and yellowish in colowr. Each gronp of these tufts is covered with a
membrane, and the whole mass of these tubes is covered with a thiek
membrane to form a compact mass. In these tubes we find a half digested
mass of food, but in the yellow tufts we have not found it yet.

Myotomes at the surface of the bady are bent with acute angles at 5 points,
so that we find more than ten concentric circles in the cross-section of the lateral
mnscle in each quadrant. There are three myotomes in the cephalic region,
and generally we find an aunxiliary intermusclar bone between the last two.
Myotomes in the caudal peduncle seem to have been reduced in number.
Moreover the terminal tendon of these myotomes are well developed, and may
be distinetly seen at the onter surface of the muscle, when we remove the skin.

The vascular system is very complieated and variable in different members
of the group. Besides the eutaneous vascular system we find many peculiari-
ties. It is remarkable that in the ancestral forms of tummies the posterior
cardinal vein does not pour directly into Cuvier's duct. In tlese tunnies
the principal veins nniting with the Cuvierian ducts we two large cutancous
veins earrying blood from the dark red portion of the lateral muscle, and the
anterior jugular veins. The posterior eardinal vein is insignificant and communi-
cates with lateral commissmes ab the caudal pedunele to the cutaneous veins
mentioned above. In these forms lepatic portal veins form a massive plexus
oa the axial side of each lobz of the liver. In more advanced forins,
Tiowever, the posterior eardinal vein is well developed and wmmited with the
right Cuvieriun duct. Tn these forms the venules flowing downwards from the
dark ved portions eollect to the comparatively spacious haemal canal, and
there they are divided int> many short parallel transverse eanals, which fll

up the canal entirely, forming s solid mass in it. In still more modified
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benitos, the cutaneous veins do not umite directly with the Cuavierian dncet, but
form hepatic portal veins. In bonitos the vaseular plexus is also foond in the
haemal ecanal. Blood vesscls in the air-Dladder belong to the visceral vaseular
system.

In primitive tmmics the kidneys are more or less ring-shaped, just behind
the head, and around the pharyngeal mnscles. In the other tunmies the
kidneys are prodnced more or less behind, and in bonitos they are clongated
nemly to the end of the abdominal cavity. Posterior portions of the kidueys
lie chiefly on the roof of the abdominal cavity but, in tho hacmal canal too
we find a continuous or sometimes small discontinuons masses of a kidney-like
brownish substance with minute Dlack spots.

Skeleton firm, solid, and comparatively lght. Skull firmly consolidated.
The dorsal sipface of the skull is entirely covered with the Iateral mnsecle and
there we find paired non-ossified portions, excopt in the genus Auxis. On
the ventral side of the skull we find many deep grooves for the inscrtion
of operentar muscles. The posterior end of the parasphenoid is more or less
tnbular. Suberanial cavity is very high. Lower piece of the postelavicle is
not flat, the broad proximal part making nearly a right angle with the nmrow
distal part, and these two parts are in two different planes. The distal part
is very short in many eases. Claviculwr ligament is inserted in the first
vertebra not to the skull.

Vertebrae arve compact and rich in grooves and ridges, so that they are
light and firm. The total number of vertebrac is always 39, except in the
genus Kafsuwonus which has 41. They differ from each other in form, processes,
ete, in different parts of the vertebral column. Nenral and haemal processes
are more or less laterally compressed. The first neural process is remarkably
feeble.

Fishes of this order scem to have their own temperature, more or less
higher than the temperature of the water in which they live. They are
voracious, pelagic fish, swimming very fast, and feeding on small fish, calamaries,
and medinm sized plankton. Found in temperate and tropical seas. They
spawn in oft-shorc grounds and grow there. They are very energetic and
powerlul, therefore specially long and strong implements are required for cateh-

ing them.
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Key to the families of the order Plecostel.

Body wholly covered with scales, second dorsal and anal high, vertebrae 18 +21,

transverse process present, 1st vertebra short, anchylosed to the skull, alis-

phenoids meet at the ventrai medinn line, air-bladder generally present.. ... Thunnidae.
Body naked outside of the eorselet, second dorsal lower than the first.

vertebrae generally 20419, some intermuseular bones are divided into two,

distal and proximal, epihaemal spine developed Letween the centrum and

the haemal arch in most vertebrae, network of linemal processes well

developed, air-bladder wanting. ... .. ettt e . Katswwconidae -

Family THUNNIDAE Kishinouye.
Thununidae, Kishinouye, 1918.

Body plump, wholly covered with scales, which differ in size and form in
different parts of the body. Corselet well developed, but its Dhoundary is not
distinet. The lateral line has a peculiar curve above the pectorals. Teeth
rather fecble. Single scries of small conical tecth in Doth jaws. They are sharp
and cwrve inward. Villiform teeth on the vomer, palatines, and pterygoids. Many
dentigerous calcareous plates are found on the palate. The denticles on these plates
aro quite similar to those found on the vomer, palatines and pterygoids. Thus
the roof of the mouth-cavity is quite rough, contrary to the nearly smooth roof in
the Katsuwonidae. Threc lobes of the liver subequal.  Intestine rather long, with
three folds. Pyloric tubes developed ouly on the posterior convex side of the
duodenum.  Pylorie coeca leteroclitic, nvegular in size. Those found at the
distal end being longer and thicker than those at the proximal part. This
Leterochrony is more marked in primitive forms. Rectwn short, it has nearly
the same diameter as the preceding part of the intestine. Air-bladder present,
except in Neotlunnus varus.

Cutaneons blood-vessels above and below the lateral median line are united
both at the anterior and posterior ends, and are comnected. by short lorizoutal
vessels with the chief blood-vessels in the linemal eanal at the candal peduncle.
The cutancous veins are large and unite with the Cuvierian ducts dirvectly or with
the cardinal vein. Tach of the paired cutancous arteries arises just behind the
pharyngeal muscles or somewhat behind it, runs backwards and downwards
behind the root of either the third or fifth rib, and is divided into two nearly
parallel branches, a little before it comes tr the sarface of the musele, between

two consecative iutermusenlar bones. The dark red portion of the lateral
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muscle is rather narrow, and meets the axinl skeleton with a maurow neck or
root in the hypaxial portion only.

Ligament in a deep modian groove between the auterior end of the
frontals is attached to the skin, anterior to the median foramen of the skaull.
This ligament is o characteristic of this faumily.

The transvers2 process of some precaudal vertebrae is broad, well developed.
The first vertelna is greatly redueed in height and firmly anchylosed to the
skull. Inferior foramen is small, and is found in the ecandal vertebrae only.
Number of vertecbrae is coustant, 39 in total, of which 18 arc precandal, and
21 eaudal. The hacmal canal is closed in the tenth or eleventh vertcbra, i. ¢. near
the middle of the preeandal region. Alisphenoids meet at the ventral median
line. Anterior precandal vertebrae, are broader than high. IRoof of the month
cavity is covered with numerons plates covered with villous teeth.

Many systematists put too much weight on the length of the pectorals,

but it has little value in the classification.

Key to the genera of Thunnidae,

Cutancous blood-vessels pass through the myotome of the fifth vertehra, surface
of the liver strinted with fine venules. ...... .......oueiee oo oon UUNLRE Thunnus.
Cntaneius blood-vessels pass through the myotome of the seventh vertebra,
surface of the liver not finely striated with venules.
Pasterior eardinal vein is not eontinuous with the Cuvierian duets.

Vaseular plexus on tlie inner side of the liver. ............... ... Larathunnus.
Posterior enrdinal vein is eontinnous with the Cnvierian duets, vascular
plexus in the haemal eanal....... ..o ... e eeeeeieeeeaeeeen e eee . Neothunnus.

Genus Thunnus Sonth.
Thunnus South, 1815,
Thynnus, Cuvier, 1817 ; Giinther, 1860.
Oreynus, Cuvier, 1817,
Germo, Jordan, 1888.
Albacora, Jordan, 188).

Body plomp, robust.  The first haemal canal is closed i the tenth vertebra.
Anterior haemal arches of the precaudal region are turned forward and narrow.
Right side of the stomach receives an artery from the downward branch
of the coelinco-mesenterie artery. Two large branches of the cocliaco-mesenteric
artery send their blood to the liver, and they are finely divided into plexus

on the inner side of the liver. These plexus reunite int> saveral artaries to
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the stomsch, spleen, and intestine. The hepatic portal veins ranning along
these arteries are also subdivided intd> plexus hefore entering the liver. The
oesophageal artery is not well developed, and the coeliac arteries are branched
from hepatic arteries. Cuataneous arteries branch from the dorsal aorta Delow
the filth vertebra and just tehind the pharyngenl muscles. Arterial and
venous plesus on the axial side of the liver.

Round the spots of emergence of the hepatic veins the liver consists of
only, a thin sheet of venules the substance of the liver not being found in
these spots. Thus the lver is thickest midway between the root of the
hepatic veins and the attemuated margin of the liver. Vascular plexus on the
axial side of the liver are also situated at the thin portions, and are surrounderl
by thick masses of the liver. Roof of the abdominal cavity is convex, at the

anterior part. Esternal wall of the air-bladder is uniformly thin. Kidnevs

ring-shaped.

Key to the Japanese speeies of the genus Thunnus

Pectorals very long, reaching to the second dorsal finlet, markings in the belly,

when present, longitudinally anastomosing. ............ ... .coiiooioa.... T, germo.
Pectorals not reaching to the vertical of the origin of the second dorsal,
markings in the belly transverse, and constantly present. ................ Th. orientalis.

Thunnus germo (Lacépede).
Tomboshibi, binchoh, binnaga, kantaro.
Figs. 20, 46, 52. ,
Scomber germo, Yacépede, Hist. Nat. Poiss, IL 598, III, 1, 1802.
Thynnus pacificus, Cuv. & Val, Hist Nat. Poiss. VIII, 133, 1831; Giinther, Cat. Brit.
Mus. 11, 36¢, 1860,
Germo germn, Jordan & Seale, Bull. Bur. Fish. XXV, 175, 1905.
Thunnus alalunga ?. Kishinouye, Sui. Gak. Ho, I, 18, Pl. 1, Fig. 10, 1915.

D. 14, 14, S. A 14, 8. Gill-rakers 94-18-19. Secales ca. 210.

Body rather slender, head and eyes comparatively large, caudal portion
short. Seales rather large, about 210 in the lateral line. Pectorals sabre
shaped, very long, reaching to the first anal finlet. Lower margin of these
fins is a little concave at the proximal part. Height of the second dorsal is
equal to or a little shorter than that of the fiist dorsal.

The roof of the abdominal cavity is remarkably convex. So the cavity is
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very narrow and the flesh very rich in amount.  Tloce lobes of the liver are
connected with each other by very narow portions, and the lateral lobes arc
divided int> many lobules at the margin, as well as at the iimer side. On
the outer side of the liver we find very fine purallel venules, covering nearly
the whole swfice of the livar. On the inmer side of tle liver bulbous and
more or less conieal masses of vascular plexus of Dboth arterioles and venules
are found.

YVenules to the ecutancous vein are wrranged in two altermate rows, and
are more numerons than the arterioles. These venules pour to the iumer side
of the vein. Arterioles from the cutancous artery are wrranged in one row,
and on the inuer side of the artary (fig. 20). Venules are very wminute and
unmerous, formiug thick sheets in the lateral musele, before pouring into the
cutancous vein. These venules form numerous sumall bundles by uuiting just
at the root. Each of the pumerous branches from the cutaneous artery is
minutely, divided as soon as it emerges from the main blood-vessels, and
running along the venules supplies fresh blood to the dark red portion of the
laternl muscle. The eutancous artery orviginates just behind the pharyngeal
muscle in the levels of the fifth vertebra and runs oblignely backward.

Air-bladder prescnt, rounded at the anterior end, and its wall js rather
thin. It is nawrrow, but long, ruming the whole length of the abdominal
cavity, Kidneys of both sides are nnited to form a flat, ring-shaped body
round the pharyngeal museles. The ring-shaped kidueys are slightly prolonged
backward. Ureters of both sides meet in & nearly straight line, thick at the
junction. In this thick junction, we find a short longitudinal septum from the
antevior wall.  Posterior to this septum the nreters are jomed to a median
tube.

Skull rather narrow. Vertebral colwm more or less slender. Height of
the vertebrae nearly uniform. Purapophyses well developed.  Parapophyses of
the ninth vatebra are almost lorizontal as in the preceding vertebrae; but in
the tenth vertebra the haemal areh is formed aud is turned forward leaving
ouly o little space between the centrum and the arch.  In each of the following
precaudal vertebrae the lianemal spine is formed, and it is remarkable that it
is nearly uniformly elougated. These precandal haemal spines are remarkably

Jonger than in other tuinmies. The head of the second and third ribs is very
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thick, and the disial portim of these ribs is broad, thin, and gradually narrow.
The part hatween the head and the broad distal portion is very namow to
admit the passage of the cutaneonus blood-vessels.

The colowr is blackish Dblue in the dorsal part, with a greenish lustre
near the tail. Sides and belly are silvery. In young speciwmens, ca 60
cm in length, we find some five or six dark, irregularly longitudinal bands,
rouning near the ventral median line. Thes> bands are more distinet at the
sandal region, and are more or less united in the form of irregular net-work.
First dorsal nemrly colomless, except the dusky border. Pectorals Dlack,
ventrals and the second dorsal are dusky, but the anal is nearly colourless.
The dorsal finlets are dusky, washed with yellow, while the ventral finlets are
more or less dusky. Tris silvery, tinted with light blue.

This species is rather small, a germon of ca 25 kg is rather rare and
large. In southern California S kg fishes are said to be common, a fish
weighing 20 kg is considered large.  In Japanese and Hawailan waters, fishes
of ca 45 kg are said to be nearly maximum and rare.

Very widely distributed in both the north and south Pacific.  Caught in
large quantities on the Pacific coast of Hondo, bnt not yet found in the Japan
Sca. Found in off-shore grounds only, never approaching the coast. This
species 13 canght in our waters till about 43° N, off the south coast of Hokkaido-
In spring the germon begins to migrate northward. In this northerly migra.
tion the germon precedes the stripsd bonito, but follows onr common tunny
(Thunnus orientalis). In winter the germon is found in the southern part
of our waters, abont 34° N, Found in water of 10-25° C in temperature, and
at o depth of about 80 m.

(termon or the albacore seems to have been caught in our waters since
the beginning of the nineteenth centwry, as its name is first found in the
literature of a very early period of that century. In former days the germon
was eanght nnintentionally, while engaged in fishing for the common tunny or
other kinds of fish, and was not valued, as its flesh is soft, Dbut recently =a
special long-line has been used for its capture. Caught chiefly by means of
long Hues and drift-nets.

Flesh pinkish in eolonr, soft, and not good for «sashimi ”, hence not much

esteemied in our country, Lut the amount of flesh is comparatively large. 'The
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canned flesh is much esteemed as “tuna” in the United States of Americn.

Germon feeds on pelagic plankton, crustaceans, and small fish. T found a
voung germon about 50 em in length in the stomach of a large germon,
caught on January 20th, 1917 near the Ogasawara Islands, and other small
ones from a yellow finned tunny and a spear-fish, caught on February 27th of
the same year. Such small individuals are not caught nor found near the
coast of the main island.

I camnot tell at present whether the germon of the Atlantic and the
Mediterranean is tho same as the Pacific germon. Specimens of the germon
and the common tuuny of the Mediterrnean were sent to mo from the
Zoological Station at Naples in 1914 on a German steamer ; but unfortunately
the steamer was seized in the Red Sea and these specimens did not reach
me. Many authors seem to have confounded this species with other species of
tunnies with long pectorals.

Thunnus orientalis (Scllegel).
Kuwoshibi, gotohshibi, maguro, medi (immatwe).
Figs. 3, 21, 43, 44, 50.

Thynnus orientalis, Schlegel, Fauna Japen. Doiss. 94, 1802.

Orcynus schlegelii, Steindachner & Diderlein, Fisch. Japoun. IIIL, 11, Taf. 3, Fig. 1. 1885.
Orcynus thynnus, Kitahara. Journ. Fish. Bur. VI, 1, PL 1 Fig. 1, 1897.

Thunnus schlegeli, Fujita, Otaki & Higurashi, Fish. Japan, I, 21, PL 1905.

Thunnus orientalis, Kishinouye, Sui. Gak. Ho, I, 17, P'l. 1, Fig. 9, 1915.

D. 13-15, 14, 8-9. A. 13-15, 7-8. Gill-rakers 12-13 + 24-26. Scales 230.

Body plump, broad, and the caudal portion sharply tapering. Pectorals
short, scarcely reaching the origin of the second dorsal, and tapering gradvally
towards the posterior end. The height of tlie second dorsal is longer than
that of the first, vearly equal to that of the anal; but shorter than that of the
pectorals. The lateral line has a sharp and peculiar bend over the pectorals,
being bent suddenly upward and anteriorly above the origin of the fius,
and then bent gradually downwards and backward again. SCHLEGEL writes that
the eyes of this species seem to be larger than those of the common European
tunny. In one year old fish, the eves are larger, being contained ca 6 times
in the length of the head, but in a fish of ca 2 metres they are contained
more than § times.
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The liver is nearly the same as that of the preceding species; but the
margin is not much divided. Fine vemiles of the hepatic vein at the external
swface, and big masses of vascular plexus at the internal surface are found.

Air-Dladder is triangular, pointed at the posterior end. It is nearly
straight, thick, and very wide at the anterior end, occupying the entive breadth
of the abdominal cavity. Air-bladder of this species is however short, occupying
a little more than half the length of the abdominal cavity. The external wall
is uniformly thin. The inner wall is finely rcticulated. At the middle of
the roof of the air-bladder, there is a large round hole, which leads to an
accessory conical sac, estending from the liole behind to the posterior end of
the principal sac. At the anterior end of this upper accessory sac a vein is
found to pour to from a segmentary vein. In immature tunnies the air-bladder is
short, very narrow, and almost collapsed. The median part of the air-bladder
is vaulted, and at the anterior end the cavity has two slight swellings.

Kidueys are short, and are vestricted to the anterior part of the
abdominal cavity. In immature forms they are ring-shaped, ronnd the pharyngeal
mnscles, and terminate with a slender, short process just before the first
Laemal process. In adult forms, lowever, the posterior portion is not well
developed. Ureters meet at the posterior end of the kidneys, or a little out of
it. Near the level of the Tth or Sth vertebra, ureters approach each other
towards the median hine, and nnite into a common canal.

Venules to the cutaneous vein are arranged in two rows, and those of
the external side pass over the cutaneous artery, while those of the interior
sidle run below the artery. These vennles are formed from the union of
many fine canals, forming the plexus round the dark red portion of the lateral
muscle.  Arterioles from the cutaneous artery are arranged in one row.
Oesophageal artery is found but very short.

Sknull broad, with convex lateral sides, and the broad and high parasphenoid.
Basisphenoid thick. Alisphenoid extends downward at the median line. The
anterior margin of the subopercle is more or less coucave. This is quite
characteristic of this species.

The back is nearly black, especially at the anterior part of the body,
but the colonr gradually changes to greyish blue with metallic reflections in

the posterior part. Belly greyish with many colomless transverse lines and
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rows of colourless dots in alternation.  These lines and series of dots are
twenty or more in nnmber, and they are newly vertieal in young specimens,
running  through from the back to the bellyv; but they hend gradually k-
ward thwards the ventral median line as the fish grows. At first ouly colomrless
lines mnke their appearance, and afterwards series of dots are interenlnted
between them.  Moreover the lines ave alsy divided nto dots afterwards at tho
Lelly, and they disappear gradually from the back. The dots are irregnlar
in arangement in the candal region. Tlivst dorsal greyish, second dorsal
geyish with  yellow tip, dorsal finlets yellow, and the anal and anal finlets
silvery.  Pectorals nearly Dlack, ventrals greyish. Tris golden vellow.

Ilesh is dark reddish, comparatively firm, and not very oily. Tt is
superior in quality, espeeinlly in colder months, and is much csteemed. Two
vear old fish are ealled “ medi,” and arc wmeh valued by epicorians. Tt is told
that in and after the spawning season {he flesh is often mottled with darker
spots and is much inferior in quality.  Sueh fleshi is distingnished by the name
of “azukimi ”, meaning red bean flesh.

This species attains o gigantic size. Mr. Hrorno Suvzekt told me that
two large tnnnies, each weighing abont 375 kg were caught in a pound-net
near Odawara in 1913. These were exceptionally large. Tunnies weighing
nmore than 150 kg are considered pretty large in general.

This is the most common species of onr tunnies, widely and abundantly
disteibuted in our waters. It is casily distinguished from other tnnnies by its
small eyes, short pectorals, sharply bent lateral line, triangular air-bladder,
finely striated liver, white nuwkings in the belly, yolowish finlets without
black margin, ete.

In winter this species is found in the southern part of our coast, as far
south as 32° N.  Not found near the Ryukyu Islands, Taiwan, nor Ogasawara
[slands. In sommer this tunny migrates northward as far as about 46° N.
In winter the tunny fishing is actively pursued on the Pacific coasts of south
and middle Japan, by means of long lizes on or round deep, off-shore
banks, and on the northeastern coast of Hondo by meawns of drift nets. In
summer this tunny is caught on the Pacific coast as well as on the Japan
Sea coasts of north Japan by means of pound-nets. Only a few cxamples’

are caught on the east const of Chosen. Found in waters of 5-20° C, and
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most abundant in waters of 10-15° C. Thus the optinmun temperature for
this species is lower than that of the other tuunies in our waters, as well as
that of the common Atlantic tunny.

When albacores or spear-fishes begin to be caught, this tunny’s season is
nearly over. It feeds on different kinds of fish, more or less pelagic in habit,
such as sardine, anchovy, flying fish, scad, sand-cel, etc.; but sometimes fishes
living near the bottom are found in the stomach. Calamaries and pteropods ;
Pyrosoma ; pelagic crustaceans, such as Fuplausia, Sevgestes, Acanthephyro,
larvae of Brachyura and Stomatopoda, anomalous Awmphipods, cte. are also
found in the stomach.

This species is eclosely allied to the blue-fioned tuna or leaping tuna of
the Californian coast, but differs from it in the colour of fins, and in the mode
of ramification of canals of the cutaneons Dblood-vessels. A similar or the
sale species is said to inhabit the Hawaiian waters; but I have not vet had
a chance to investigate this.

Tunnies arc migratory, but they resort and seem to stay for a while at the
top of deep banks, often 200 1 deep. In the vicinity of such banks tunnies
seem to find plenty of food. The presence of tuunies in deep water is often
detected Dby fishermen from the behavior of sea-gnlls, flying fast in a wnch
dispersed wide circle, or from civenlar or oblong waveless spots, ca. 1 m in
diameter, produced for a time at the surface of the sea. These spots are
called “nagi”, meaning ealm, waveless, and are Dbelieved by fishermen to
come from the oil of fish devoured by tuunies; but as tunnies mostly engulf
their prey in toto, and moreover as I did not observe any glittering iridescence
in these spots, the explanation is not satisfactory.

Tunuies are devoured by killer-whales which are said to cateh them
at the nape and kill them immediately, so that they fear killers so greatly
that they are frightened away several miles from the spot where these ferocions
enemies are fonnd. Thus catches made by ponnd-nets vary greatly according
to the favouwrable or unfavourable proximity of killers. Sometimes tunnies leap
on beaches recklessly to escape from these enemies.

In their northerly inigration tuunics swim quite near the coast, and are
canght in pound-nets, which are set in a depth of about twenty metres.

Small fish of about 25 cm, weighing ca. 20 g in weight are ecanght
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with rod and line late in summer. Such immature fish are called ““imoshibi
in Miyazaki-ken. Still smaller fish are called ¢ kakinotane ” in Kanagawa-
ken, nod “abuk>” or “Dbintsn” in Miye-ken. These immature fishes are
found in assoeintion with Auxis, feeding chietly on pelagic crustaceans. These
immatare fish grow to a length of ca. 40 cm, weighing ca. 1 kg in winter,
and in the next smmmer 2-3 kg in weight.

In summer, June and July, the reproductive glands are very large, and
the fish swarm near the surface of the water, often showing their dorsal fins
out of water. This is the case in the northern puts of our waters, both on
the Pacific and Japan Sea coasts. These mature fishes are associated with
immatre fishes. I have, however, not yet examined a twiny with fully ripe
reproductive elements, and in Augnst the reproductive glands are found spent. So
that we are inclined to believe that the tunuy spawn in offshore waters. O the
sonthern part of Kyushyn and also off the Pacific coast of the central part
of Hondo, we find small junnatare tunnies in summer and antwim. In these
waters the commnon tunny with ripe reproductive glands is not known. DBut
it i1s difficult to believe that those immature fishes migrated from the northern
waters.

Tuannies are caught more on dark nights, and before a storm. When the
weather is warm with o southerly wind, tunnies come near the swrface of
the water, and a good cateh by drift-nets is expected. On a day of northerly
wind drifters do not go out fishing. They are said to swim against the
current, espeeially when they are near the coast, hence they enter Dbays or
inlets in low tide and seek off-shore grounds i high tide. Tunnies dislike
a water of o low density, so that they do not approach the coast on a rainy
day, nor approach the nmouth of a river. They are found in a water of ca.
1.024-1.025 in dewsity.

It is said that when a shoal of tunnies is frightened at something ahead
of them, every tunuy of the shoal turns back immediately just at the spot
where it happens to be. Thus the hindermost fish lead the school when
retiving.  In 1921 a few hamature tunnies were canght off Sendai in set-nets,
ab a depth of ea. 300 m. The nets were for a kind of deep-sen sharks. These
tunnies were probably entangled, while the net was being hauled in, or when

letting it ont in the sea.
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This species seems to descend to a depth of about forty metres below the

swrface of the water.

Genus Parathunnus gen. norv.

Cutancous blood-vessels are found from the myotome of the seventh vertebra,
backward.  The posterior cardinal vein does uot communicate with the
Cuvierian duct divectly. At the margin of the exterior surface of the liver a
few short venules are found. On the internal suiface of the liver, conicil
masses of plexus of venules only are fonnd, arteries not being divided in the
masses. The right side of the stomach receives an artery from the right dorsal

branch of the cocliaco-mesenteric artery.

Parathunnus mebachi (Kishinouye).
Mebachi, darumashibi, hirashibi, mebuto.
Tigs. 4, 22, 47, 49.

Orcynus sibi, Kitahara, Journ. Fish. Bur. VI, 1, Tl 1, Fig. 2, 1897.
Thunnus mebachi Kishinouye, Sui. Gak. ITo, I, 19, PL 1, Fig. 11, 1915,

D. 14-15, 13, 9. A. 13, 9. Gill-tukers 8-10+18. Seales ca. 190.

Body very broad, the caundal portion short, and the head and eves large.
The dorsal outline of the body is much cuwrved; but the ventral ontline is much
more curved. Scales in the corselet very large. TLength of the head nearly
cqual to the lLeight of the body in young speeimens, but it hecomes o little
shorter in old individuals. The anus is nearly in the middle between the
snout and the end of the candal fin. Scales large ca. 190 in the lateral line,
which has a gentle, wavelike elevation above the peectorals. Pectorals arve
long, gradnally pointing towards the distal end. In large specimens they
searcely pass beyond the origin of the second dorsal, Dbut in small
specimens ca. 1 m in length, they reach the first dorsal finlet, and the vertieal
passing through the middle of the anal. Second dorsal and anal are only a
litthe higher than the first dorsal, and they are comparatively narrow and
faleiform.  The caudal fin is widely expanded, wider than the height of the
body. TPosterior portion of the first dorsal has the convex outline generally.

Air-Dladder well developed. It is divided into two leads at the anterior

end, which lie on Dboth sides of the dorsal aorta and letween the pharyngeal
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muscles and entancous arteries.  Kidneys are prolonged posteriorly to the
segmient of the thirteenth vertebra. Ureters of Doth sides mn side by side in
the narrow portion of the kidneys, and become confluent just at the posterior
end of them.

Venules to the eutaneous vein are arranged in two altemate rows.  Those
of the exterior side pass over the entancous artery after joining many minute
canals in the chiai plexus, and those of the inferior side unite to the cutancons
vein, just after joining minute eanals.  Arterioles from the cutaneous artery
are mranged in two rows, one row on the romotest side from the accom-
panying cutancous vein, the other on the nearest side to the vein. Arlerioles
in the former row are nearly twice more numerous, Iut smaller than those
in the latter row. Thus two sheets of vascular plexus are formed from
gronps of the two rows of both mterioles and venules. Cutancous arteries are
sent from the dorsal aorta just below the eighth vertehra. The posterior
cardingl vein is insignificant. Segmental veins in the precandal region and
in some anterior candal segments runnirg towards the vertebral column are
divided np into mimute vessels there. Venous blood from these vessels seen
to De taken up Dby capillaries of the dark red portion of the lateral mmscle.

Intestine longer than in the other Japuauese tunnies, the third hend of it
reaches nearly the fist. Three lobes of the liver are thick, and triangular.
Only a few, short, sparingly branched venules on the external surfice of the
middle and left lobes. Bulbous masses of vasenlar plexus are found on the
immer side of the liver. These masses are slender and elongated, as the
arteries in them take no pawrt in the formation of the plexus, but mn through
them: nearly straight.

Preoperele higher than broad, and the interopercle is nearly as high as
broad. Haemal spines in the precaudal region are rather long. TParapophyses
well developed, long, flattencd at the distal end. They are direeted downward
from the ninth vertebra, and form the hacmal arch from the tenth vertebra.
Candal vertehbrae not so well developed as in other tunnies.

Back nearly black to greyish blue, sides silvery, and the iris silvery with
bluish tint. Dorsal fins greyish, tinged yellow at the margin or the tip,
finlets yellow. Pectorals are black at the dorsal side, hut greyish at the

ventral side, and the tip is sometimes washed with yellow. Ventrals aro
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greyish and tinged with yellow, while the anal is white with the yellow tip.
Anal finlets are greyish with yeliowish margin. In young specimens under
7.5 kg in weight, the sides are greyish with a few colourless lines and series
of colourless dots, rmnning transversely.

The flesh is pinkish in colowr, rather soft, especially in young individuals.
Thus this species is considered a little inferior to the common tunny.

Very voracious fish, feeding on sauries, bonitos, luminous fishes, such as
Maurolicus, and allied kinds, cuttle-fish, and Amphipoda, Sergestes, ..dcan-
theplyra, ete.

This species lives in a deep layer of water, ca. 20-120 mn below the
smface, 13-25° C in temperature, in oftshore waters. Northern limit of
distribution is ca. 36° N. Caught at the southern coast of omr country and
also at the Ogasawara Islands, Ryukyu Islands, and Taiwan. Not yet known
from the Japan Sea. In 1920 I observed a similar or the samz species at
the market of San Pedro, but as I did not examine the anatomy in detail, T
can not tell exactly to which species it belongs. The broad body, the form of the
liver, hepatic venules, ete. were nearly the same as the Japanese species. Japanese
fishermen say that this species occurs in Hawaiian waters too. Irolably widely
distributed in the deeper layer of the snbtropical region of the Pacific Ocean.

At night the fish seems to come near the surface, as do other specics of
tunnies, and on moon-light nights catches are generally good.

The fish grows to a total length of ca 2 m with a weight of ca 86 kg.
Fish of ca 70 em is the smallest fish caught. T found skeletons of small
exatpples, ca 30 ¢m in length in the stomach of a Neothunnus macropterus,
caught near the Ogasawara Islands in Jannary 1919,

HirosaTs YasHIRO (78) is probably the first anthor who has written
about this species, distinguishing it from the other species by the larger eyes.
Well known authors after him mention this species in their list of fishes. Thus
this specics scems to have been canght in our conntry from about the legin-
ning of the nineteenth century.

Though this species has many distinctive characters, it is rather ditticult
to identify it, especially when there is no other species to compare with.
Sometimes we receive reports that this species has been canght in pound-nets ;

but we are inclined to doubt the accuracy of the veports, as it is, so far as we
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kuow, pelagic and does not appronch the const.

Krranara (48) identified this species with Thyrnus sibi of ScHLEGEL
(67), but the latter author writes that the species i3 very common, during
swmmer months, and is canght in hundreds at a time by means of nets of
large dimension. This statement is not adequate fov the present species.
Moreover there are no decisive charaeters in the description by SCHLEGEL, except
the long pectorals and remarkable height of the body. Probably ScuLEGE! eon-
founded this species with Neothunnus macropterus. CuNNmNGiax (10) considers
this species to be identical with Thynnus ohesus Towk of the Atlantic; but our
species differs from the latter in the eolonr of the second dorsal, and the anal
ab least.  Aecording to CunNINGHAM these fins have “some Dblack at edges,
but little or no yellow.” The descriptions of Thynuns obesus by Lowe (52)
as well as COUNNINGHAM are very incomplete. It is allied to the present
species in having large eves, and a short, thickset figure. But as the other
important structures of Thynnus obesus Towr are nnknown, it is impossible to
ascertain the relation between these two species.

Recently the catcli of this species is said to have nmuch increased, due to
the use of long snoods among snoods of normal length on a long line. The
lower end of these long snoods will hang in a layer of water, deeper than
57 1 under the surface of the sea. At present this species is very common

in the grounds near the month of Tokyo Bay.

Genis Neothunnus gen. nov.

Cutaneous blood-vessels are found from the segment of the seventh vertebrs.
Posterior eardinal vein is wnited to the right Cuvierian duct, and the former
vein is connected with a plexus of blood-vessels in the haemal canal, so that
the haemal wreh is remarkably wide. The first haemal arch is found in the 11th
vertebra. On the exterior surface of the liver we find no minute veins.

Candal vertebrac elongated, and accordingly the eandal portion long.

Key to the the Japaunese species of the genus Neothunnus.

Air-bladder present, second dorsal and anal much elongated............ 000002 \. macroplerus.
Air-bladder absent, second dorsal and anal slightly higher than the
Y ARk 086000 8560066606 066 60a00600 arac e 0600560000 0300a0B00 JEB6000 0 o db-.ud ERERTS:
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Neothunnus macropterus (Schlegel).
Kihata or kiwada, gesmnaga, hashibi, hatsu, hirenaga, itoshibi,
kinhire, kimedi (immature).
Figs. 13, 19, 23, 45, 51.

Thynnus macropterus, Schlegel, Fauna Japon. Poiss. 98, Tab. 51; Day, Fish. India, 253,
1802

Orcynus macropterus, Kitahara, Journ. Fish. Bur. VI, 2, P1. 2, Fig. 3, 1897.

GGermo macropterus, Jordan & Seale, Bull. Bur. Fish. XXV, 223, 1908.

Tlumnus macropterus. Kislinouye, Sui. Gak. Ho, [, 19, P1. 1, Fig. 12, 1915.

D. 13, 14, 9. A. 14-15, 8-9. Gill-rakers 9+21. Scales ca. 270.

Body fusiform, clongated, head small, and the caudal portion long,
Secales minute. Pectorals long, pass beyond the origin of the seeond dorsal,
their dorsal and ventral outlines are nearly parallel to eachh other, and are
connected by a short oblique side near the distal end. The second dorsal and
the aval are mnch elongated, especially in a variety named itoshibi or
gesunaga, the tips of these fins arec whitish and reach to the base of the
candal. So far as [ have examined there is no marked difference in anatomiceal
structure between the long finned variety and the ordivary form, exeept in
the length of the second dorsal and anal fins.

No venules on the swface of the liver, the left lobe of which is sometimes
divided into two, and the right lobe is longer than the other. Pyloric coeca as «
mass is shorter than the stomach. Intestine rather short, the third bend
scarecly reaching the middle between the first and the sceond. The rectum
is also short. Air-bladder narmow and long not divided at the anterior end.
Thick strong connective tissue protects the ventral part of the air-bladder.

Venules to the cntaneous vein are arranged in one row on the side
towards the lateral median line. These venules run over the external side
of the ecntaneous artery, after uniting many fine venules. Arterioles from
the cutaneons artery ave arranged in one or two alternate rows from the
side near the lateral median line. Cutaneous blood-vessels are found at the
surface of the lateral muscle behind the origin of the first dorsal. A cutaneous
vein on each side of the body pours separately to the Cuvierian duct of the
respective side, or is united to the ecardinal vein Delow the ninth vertebra,
and in the kidneys. The cnrdinal vein joins the right Cuvierian duct. In

the haemal canal the cardinal vein is nnited with a plexus of short trausverse
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venules forming o dark red rod of plexus with similar arterioles from the
dorsal aorta. It is remarkable that this rod of vaseular plexus is found in the
tunnies which want the conical vascular plexns on tho inner side of the liver

Kidneys are much clongated posteriorly, reaching to the segment of
albout the fifteenth vertebra.  Urcters are nnited forming aun acute angle
nnder the thirteenth vertebra, and the common wreter is found Dbeldnd the
vertebra,  Thus the ureters mre shaped like the letter Y.

Vertebral eolomn rather slender, and the second vertebra is nearly as
high as Dbroad, The posterior caudal vertebrac are remarkably clongated.
Parapophyses long and flattenel.  They become more or less vertieal in the
eighth vertebra, turnel downwards in the ninth vertebra, and an arch from the
cleveuth vertebra. Haemal canal wide, especially in the precaudal region,
where the breadth of the cavity is nearly enal to that of the mwiddle part
of the respective vertebra. In one specimen I formd the dorsal and ventral
spines of the 36th vertebra short and nearly hovizontal, instead of long and
covering those of the next vertebra.

The colonr is wmearly black at the back, sides greyish with oblique
transverso lines and series of dots of silvery wlhite in alternation.  Iris greenish
vellow ; first dorsal greyish tinged with yellow ; tips of the second dorsal and
dorsal finlets bright yellow ; pectorals black on the inner side, greyish or some-
times yellowing on the outerside; ventrals greyish, tinged with yellow ; anat
and anal finlets bright yellow.

Distribution very wide, found in the Irdo-Pacific region. Prefers warm
water, 15-25° C mostly in the water of ea. 20° C. Northern limit of the
distribution is ca. 35° N, but sometimes foand beyond 40° N.  Occasionally
found in the Japan Sea, and is caught iy Hokkaido, near Otarn, late in
summer.  Found in the Hawailan waters and south Californian coast.

Large specimens measuwre more than 7 m in length, and ea 200 kg in
weight, next in size to our common tunuy.

They swim near the suiface of the sea, especially in summer, and
closely approach the land; but small immatare fishes ea. 2 kg in weight are
always in the oft=shore grounds, accompanying a school of the striped bonitos.
Larger ones are caught by troll-lines, long lines, drift-nets, eirele uets, pound-

nets, set nets, cte.  Smaller ones are caught with rods and lines, circle nets,
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more than 7 m in lengsh, and ea 200 kg in weight, nex in size to our common
tunny, ete. The variety called gesunaga is said to be shyer than the ordinary
form, not easily Dbiting hooks, thongh it swims very near by and often tinches
them. The longer-finned variety is said to be plentiful in antumn.

The flesh is beautifully pinkish, firm, and its taste is cxcellent. Mostly
consumed fresh, being much esteemed for “sashimi”. Many hmmature fishes
are used for making “fushi ” by smoking and drying after Doiling in water.

They feed on flying fish, eoffer-fish, some deep-sea fish, calamaries, pteropods,
heteropods, Hyperina amphipods, Squilla’s larvae, and immatwe Sjuilla, mega-
Ihpas of crabs, ete.

The spawning season of Neothunnus macroplerus is not yet known. Some
specimens examined in aunttmn at Kyushyu are said to have contained large
ovaries.

This species is allied to Thynnus albacore LOWE, so far as its external
charaeters are concerned, so that GOUNTHER and CuXNINGHAM eonsider the
former to be identieal with the latter; but as in the ease of the other exotic
species the anatomy of Thurnus albacore las heen little studied, therefore it

is impossible to determine the question.

Neothunnus rarus (Kishinouye).
Koshinaga, bintsuke, hashibi, seiyoshibi, shiroshibi, tongari.
Figs. 24, 48, 64.
Lhwnws rarus, Kishinouye, Sui. Gak. Ho, I, 23, PL 1, Fig. 13, 1915.

D. 13, 14, 9. A. 14, 8. Gill-rakers 5-6 +15-17. Scales ca. 220.

Body broad, head and eyes cbmparatively small, snout short, and eandal
pation elongated. Scales minate. Curve of the lateral line above the pectoral
very gentle.  The nnmber of gill-rakers is minimum in our .Plecostean fishes.
Pectorals Droad, lanceolate, scarcely reaching to the vertical from the last
but one spine of the first dorsal. Second dorsal and the anal are a little
higher than the first dorsal.

Right lobe of the liver longest. Aiv-bDladder absent. This is the only
kind of the Japanese tunnies, whicli lacks it. The posterior end of the
kidneys is very narrow and estends nearly to the segment of the fifteenth

vertebra.  Ureters are united to a common duct under the 12th vertebra.
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Venules to the cutancons vein ave wranged in one row, on the side
townrds the laternl median line. These venules run side by side with the
arterioles, and arc uuited to a large vessel just before joining the cutaueous
vein.  The wpper half of the diameter of the cutancous artery is concealed
nnder the cutaneons vein, and wterioles from the cutancous artery are arranged
i1 one or two rows, and more munerous than the venules, are sent from the
exterior median line of the cutancous artery. A cutancons vein on each side
of the body joins the cardinal vein below the ninth vertebrn, and the cardinal
vein pouwrs into the right Cuvierian duct. Each cutaneous vein sends n large
branch to the kidneys, before joining the eardinal vein. This is a venal
portal vein.' In the haemal canal a thick rod of plexus of transveise arterioles
and venules is joined. The dinmeter of the plexus is o Little broader than that of
the vertebra in the precandal region. The second branch of the coeliacoesenterie
artery nowishes the right dorsal side of the stomach, spleen, and intestive.

Second  vertebra wider than high. 'Iransverse processes are not well
developed and are turned downwards from the ninth vertebra, and the haemal
arch is closed from the 11th vertebra, as in Neollwnus macropterus.

Back greyish blue, sides silvery greyish with cclourless elongated spots
in about five longitudinal rows. Dorsals, pectorals, and the ventrals blackislh,
hut the tip of the second dorsal and the anal is washed with yellow. Anal fin
silvery. Finlets, both dorsal and anal are yellowish with grevish margin.

Sinallest tnuny not only in onr waters, but perhaps in the world. TFish
about 70 cm in length and ea 6 kg in weight is common. Such a small
tunny contained large and nearly ripe ovaries in February. Fish-mougels told
me that a 12 kg fish is maximmun. ‘

Flesii is pale in colour, fatty and rather soft, but its taste is very wnice.

Very limited in distribution. Touud on the western and sonthern coast
of Kyushyu and on the sonthwestern part of the Japan Sen. So far as 1
know, it is caught very near the coast, rather rare, and was quite unknown to
science, till T got it from the market of Tokyo in 1913. People of the market
considered it as u varicty of Neollunnus macropterus. 1t is rather striking that
this specics remained unnoticed for a very long period. In antumn o few
examples are said to be found cvery day in the market at Nagasaki.

Caught in pound-nets, and sometimes with rods and lines in littoral water
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in association with small bonitos.

This species feeds, s> far as T know, on small fishes only ;—one specimen
contained two mackerels in its stomach, the second specimen fourteen examples
of Stolephorus glacilis, and the third three half-beaks and some anchovies.

On December 17th, 1918, one of this species was found dead on the
beach mnear the mouth of Ganokawa, the largest river in Shimane-ken,

probably scared by killer-whales or some other ferocious enemies.

Family KATSUWONIDAE Kishinouye.

Katsuworidae, Kishinouye, 1917,

Body plump, rounded in cross-section, and naked outside of the corselet.
Tateral lize withont a marked undulation above the pectoral fin. Tirst
dorsal very high at the anterior end, becoming suddenly low behind. Second
dorsal remarkably lower than the first dorsal, and the anal and second dorsal
are smaller than the ventrals. TPectorals very short and triangular. Tu this
family the haemal canal is closed behind the middle of the precandal region.
Dentition weak, generally only one row of small tecth in both jaws. When
teeth are found in other bones, they are arranged in one row only, vever
more. On the roof of the month-cavity no dentigerous calcareous plates.
Tongue smooth with a ridge on cach lateral side. No air-bladder. Prylorie
coeca minute, numerous, uniform in size, and developed on the terminal branches
of pyloric tubes, arrangea on Dboth sides of the duodenum. The loose and
thick membrane surronnding the stomach in the Thunnidae is not found in this
family. Three lobes of the liver nnequal, and generally the right lobe is much
elongated, except in the genus Kafsuwonus. Intestine very short, without a loop.
Rectum is nearly the same in length or a little longer than the remaining part
of the intestine. The longitudinal folds of the internal layer of the duodenum
extend to the straight small intestine, just to the beginning of the rectum.

The circulatory system which is related to the formation of the dark red
portion of the lateral mwmscle, differ more or less from that of the Thunnidaec.
In the present family the cutaneous blood-vessels are also two in number, on each
side of the lateral median line ; but the hypaxial vein is divided to renal portals,
and the hypaxial artery passes throngh the kidneys, taking a slight downward

cowse, and rans backward anterior to and above the series of the ribs.  Except
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in the ease of the genus Neafsweonus, the hiypasial blood-vessels are much smaller
and shorter than the epaxial, and the plexus of Dlood vessels surronnding the dark
red portion of the ateval muscle are united to the epaxial blood vessels only,  In-
deed the epaxial blood vessels of the Katsuwonidae seem to correspond to the entive
entaneons svstem of the ‘Thunnidae, and the hypasial vessels of the former seem
to be sui generis.  The posterior cardinal vein joins the right Cuvierian duet, and
joining this cardinal vein is a small renal vein. The interhaemal rod of the
vaseular plexus attains the utmost development in Kofsuwwonus and  Eutlyunus.
The rod is thicker than the dinmeter of the vertebral eolumn, and is protected
by the bony trellis formed Dby haemal proeesses of the column, from the
enormous development of the inferior foranmen. In the genus Awzis, however,
the interhaemal rod of the vascular plexus is very thin, and the inferior
foramen is formed in a few eandal vertebrae only, having no relation with the
vascualr plexus.

Kidneys mueh eclongated. Ureters are nearly separate, ruuning almost
parallel to each other in the posterior slender portion of the kidneys. The
spleen is smaller than that of tunnies and is sitwated at the anterior portion
of the visceral eavity.

In the hypaxal dark red portion of the lateral musele, just Delow the
series of intermusenlar bones a luge strong tendon from the second vertebra
is sheathed with thin layers of some muscle segmen's, from the myotomes of
the third and some succeeding vertebrae. Thus in each epaxial portion of the
Iateral musele two concentric rings of muscle segments are found in the eross-
section.  This is quite characteristic of the Katsuwonidae. The axial side of the
lateral musele eets the axial skeleton in the epasial as well as the bypaxial
pottion, and the dark red portion is more voluminous than in the Thunnidae.

The vertebral column is very firm, light, and compaet, allowing no lateral
motion. In anterior precaudal vertebrae the neural eanal is separated from
the canal of the spinal lignment by a thin bony septum as in the Seombridae.
Neural process of the first vertebra is more or less united to the centrum and
the posterior dorsal zygapophyses are very well developed in the vertebra.
Parapophyses are quite abortive.

Dentigerous ossicles on the gill-arches are large and arc arranged in one

row only. Internal gill-rakers are well developed.
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Long intermusenlar bones on anterior precandal verlebrae, which have
their distal end at the swface of the body are found as far as the seventh
vertebra. From the eighth vertebra backward some long intermuscular Dhones
are also found, but they are not ossified in the middle portion. Intermuscular
bones are well developed and are fonnd on every vertebra, except those which
have the lateral keel, and behind the attachmment of intermusenlar bone there
is & pointed tubercle in the vertebra.

Iisternal and internal portions of the clavicle are perpendicular to each
other.

Below each eyc an oval black spot is generally fonnd. This colour spot
is distinct, especially in the genus Auais.

Fishes of this family feed chiefly on small fishes and medium sized

plankton. They are liable to perish sooner than those of the Thunnidae.

Key to the genera of the Katsuwonidre.

The first dorsal is continuous to the second, n pair of foramen on the dorsal
surface of the skull, inferior foramen of vertebrae well developed, thus
the so-called trellis is formed.
Both epaxial and hypaxial blood-vessels under the skin are equally
well developed, teeth in both jaws only, vertebrae 20-21........... Kddsuconus.
Hypaxial blood-vessels under the skin are atrophied; epaxial blood-
vessels run just above the lateral median line of the body.
teeth in both jaws, palatines, and sometimes on the vomer too,
epibaemal spines well developed, vertebrae 20-19. ................ Euthimnus-
The first dorsal is not continnous with the second; no fornmen on the dorsal
surface of the skull; hypaxial bloodvessels under the skin are atrophied;
teeth in jaws only; inferior foramen scarcely developed; epihaemal spines
well developed, long; vertebrae 20-19........ 060 855000000600000000000063 505 A4 Auais.

Genus Katsuwonus Kishinonye.

Katsuwonus, Kishinouye, Sui. Gak. Ho, I, 21, 1915,

Body plump, ronnded in eross-section, and we find & few minute scales
seattered in the thick skin, outside of the corselet. Teeth in jaws only, about
forty in each. Gall-bladder long, nearly free from the liver, and runs along
the dorsal side of the intestine.

The cutaneous circulatory system is unique. A pair of cutaneous arteries
branch just behind the insertion of the pharyngeal muscles as in the tunnies and

other bonitos; but passing through the kidneys the arteries twrn outward and
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forward, instead of turning more or less backward as in the other plecostean
fishes. Each artery reaching to the myotome of the fust rib is divided into
two arteries, cpasial aud hypasial. The cpaxial artery runs bhelow the first
rib, while the hypaxial artery runs above the rib. These two arteries, ave
nearly equally developed, and are separated from each otlier at a  distance
of 6-8 times the breadth of the blood-vessels. These arteries do not form a
loop at the ecandal region. The eutancous artery and cutaneous vein lie
in juxtaposition, nearly flat at the surface of the body. Arterioles and venules
conneeted with these cutaneous canals run in opposite directions, along the
surface of the body, and they are not so numerous us in the tunnies. The
rod of the ®ascular plexus in the haemal canal is called kurochiat by fishermen,
and it is thicker than the diameter of the vertebral column.

This genus is closely allied to the genus Neothunnus of the Thunnidae
and stands quite near the genus Futhynnus. Number of the precandal vertebrae
correspouds to that of Euthynnus, while the number of caundal vertebrac is
cqual to that of the Thunnidac. Thus the total nmuber of vertebrae is 41,
while in all the other genera of the plecostean fishes the number is always 39.

Only one cosmopolitan species is known from the temperate and tropical

regions of the world.

Katsuwonus pelamis (Liunacus).
Katsuwo, magatsnwo, mandaragatsuwo.
Tigs. 5, 14, 19, 25, 52, 57.

Scomber pelamis, Linnacus, Syst, Nat. X, 297, 1759,

Thynnus pelamys. Cav. & Val, Hist. Nat. Poiss. VIII, 113, Tab. 214, 1831 ; Schlegel, Fauna
Japon. Poiss, 96, Tab. 49, 1850; Giinther, Cat. Brit. Mus. II, 334, 1860.

fiymnosards pelamis, Dressler & Fesler, Bull. U, 8. Fish Comm. VII, 436, 1889, Jordan
& Evermann, Fish. N. & M. America, I, 868, 1896.

Euthymwus pelamis, Tanaka, Fish. Japan, I—X, 140, Pls. 37, 39, 40, 1912.

Ratsuvonus pelamys, Kishinouye, Sui. Gak. Ho, I, 21, Pl 1, Fig. 14, 1915.

D. 12-17, 11-14, 8. A. 11-15, 7. Gill-rtakers 15-20+ 36-39.

Body plump, sharply pointed at both ends. Lateral line slightly curved
upward above the pectorals and leut below the secoud dorsal, and ncarly
horizontal in the ecaudal portion. Gill-rakers numerous, very thin, and their
inner margin undulating. The right lobe of the liver is small and slender.

Plexus of venules from the posterior cardinal vein forms a long continnons
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mass like a rod with the plexus of arterioles from the dorsal aorta to the
vertical of the ninth vertebra; but anterior to the vertebra the plesus is
discontinued and is divided only into small bundles of venules.

Kidneys arc much elongated posteriorly. In the haemal canal, below the
vertebral colamm, there is also a renal body.

The back is dark bluish violet, with some transverse light coloured
markings, the sides are silvery with four or more dark coloured longitudinal
bands on each side. Dorsals, dorsal finlets, peectorals, and the anal are dusky.
Iris silvery, with a greenish shade.

The bonito lives in the clear blue water of the Kuroshiwo, 20-30° in
temperature, and 1.024-1.026 in specific gravity. On the Japan Sea, this fish
is caught in small numbers, late in antumn or in winter only, there being no
special fishing for this fish. On the northeastern ecoast of Hondo, the bonito
is generally canght in grounds very far from the land, 100-200 miles off. In
spring bonitos begin to migrate northward, and reach the ground off the
southeastern coast of Hokkaido in summer. Sometimes the fish makes big
shoals of several hundreds to thousands, and when they attack a school
of small fishes, snch as sardines and anchovies, they surround the latter
till the vietims form a dense spherical mass. Then the bonitos feed gradually
on the stragglers from the school, swimming around outside the mass.
Generally they feed on the medinum sized plankton :—amphipods, Spywilla’s
larvae and other crustaceans, pteropods, heteropods (chictly  dtlanta),
calamaries, and immatwe or small fishes, ete. According to experienced
fishermen, bonitos are said to contain plenty of food iu their stomaeh, when
they are caught in large quantities with rods and lines; but almost no trace
of food is found in their stomachs, when refuse to bite a hook. This
is true also of the tunny fishery by wmeans of long lines. Though bonitos and
tunnies avo very voracious and bite a hook easily and eagerly, espeeially when
they are in a frenzy of competition to get as much food as possible, yet they
are cool and cautions when there is only a little food. And in midsummer
when the reproductive elements become ripe, bonitos seem to fast. In the
water round Ryukyun and the adjacent islands we find small bonitos about 20 em
in length in August, and in January I have obtained small bonitos ca. 30 cm

(without caudal) from the stomach of tunnies, caught near the Ogusawara
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Islands.  These immature fishes are very slender, have faint Iongitndinal colonr
bands on the sides and the sooty belly. These fishes are most probably yeur-
lings, hatehed late in spring of the preceding year.

Bonitos are sensitive fishes, being frightened away when the wat.r
is stained with blood, when o fellow fish is strnggling furionsly in a
net, or when a fellow fish makes a narrow escape from a net or a
hook.  Therefore shark-fishing with o long line in the fishing gronnd
of the bonito is considered in several districts to» be lharmful to bonito-
fishing, as the death-combat of shwrks is  generally aecompanied with
blood-shed, which scares the bonito away. ILong lines for the bonito are also
believed to be injurious from o similar cause. Drift net fishing for bonitos
and tunnies is also hated by the bonito-fishermen, as well as the cirele-net
fishing for these fishes. DBonitos arc very active and powerful, but they are
not tenacions of life and can not withstand unfavourable conditions long.
Thus when caught in a drift net or a drift long line they very soon sucemnb.
In this point bonitos seem to differ very mmch from tunnies.

Donitos are very good swimmers, their velocity being roughly estimated
to be more than 25 miles an hour. They migrate in shoals in search of food,
and do not stop at any particular spot for a long timne, though they often remnain
for & while ronnd shallow banks in o warm clear water, as several kinds of
small fishes are always found in sueh places.

Bonito-fishing is ecarried on at the Pacific const of onr empire, in Hokkaido
in the north, as an important industry. On the west coast of Kyushya and in
the waters round the Ryukyu Islands and Taiwan this fishery also thrives.
Bonitos are chiefly eanght with rods and lines, alluring v shoal of fish with live
baits thrown from the boat, as the net-fishing is not sunitable, owing to the
clearness of the water. Loug lines arc sometimes used. The snood is 3-4 m
in length and the distance between two consecutive snoods is about 8 m.
These lines are slender and not very strong.

Bones of this fish are found in the remains of shell-mounds in the north-
castern pat of Hondo. In the ¢ Yengishiki,” a classical work on ceremonics
in the imperial court, ete., cowmpiled in 927, many kinds of food prepared from
the Donito are emunerated, and these aticles were given as tribute to the go-

vernment and the fmperial comt. In an artice in “ Tsurczureguss,” o well-
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known hiterary work by Krxko YosHIpa at the time of the Ashikaga Shoguns,
it is stated that the bonito was valued in Kamakwa at that time, though it
liad been condemmed as an inferior fish in previous times. In the time of the
Tokugawa Shoguns, however, an estravagant price was paid for an early ar-
rival of bonitos in late spring in Yedo, as was the case with the mackerel in Lon-

]

don in former days. Many short poews called lokkn,” mostly sativieal, were
written about the early bomito at the time, and many extraordinary tales
are still told about it. At that time the fish was eaten raw as sashimi.
Early in summer the generative organ of the Dbomito is still small, and the
climate is not yet so hot as to cause quick putrefaction of the fish. Therelore
bonitos of prime condition were obtained in this season, and at this time the
fish was caught near the coast and was sent by express rowing boats, manned
by about ten men to each boat. Thus the gastionomers of Yedo were able to
taste bonitos in a prime econdition, and to enjoy the very rich flavour a few
Lhows after they were canght. At present bonito-fishing is conducted in very
remote grounds ouly, and though canght in carly spring, the fish are brought
to market, preserved in iee, two or threc days after capture. Consequently
their choice flavour being lost, carly bonitos are nowadays no longer estimated
by epicurians.

It grows to a leugth of about one metre, generally 18 kg in weight, rare-
Iy 25 kg. Spawning scems to take place from May to August. Tunnies and
spear-fishes ave enewmics.  Lhynclobollviwmn is  inevitably fonnd in the flesh of
the bonito, especially abundant in autumun.  Donitos canght in off-shore waters
contain a much smaller quantity of fat than those caught in littoral watars.
The flesh of Dbonitos is longitudinally cut into fowr picces and then smoked and
dried after Doiling in water. This dried article called ¢ katsuwobushi” is a
neeessary article in our houschold, being used as a condiment after shredding.
Its anmmal production is ea 11,000,000 kg.

Genus Euthynnus Litken.

Fathynnus, Liitken, MS. in Jordan & Gilbert, Syn. Fish. N. America, 429, 1883,

Body plump, rounded, and naked outside of the corselet. Mouth rather
large, maxillary reaching the vertical from the centre of the eye. Teeth more

developed i size and number than in the other genera of the Katsuwonidae.
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They are found net only in both jaws, but also on the palatines and some-
times on the vomer too. Tecetli on the palatines are in single row.  The right
lobe of the liver mmeh elongated as in the genns Awzis. 16 is remarkable
that the chief eutencous artery rmns alonger the dorsal external side of the chiet
entaneous vein, quite contrary to the case in all the other forms of the plecostenn
tishes, and the dorsal segmental brauches of the chicf cutancous vein pass
over the accompanying artery, which is a little more or less deeply imbedded
in the muscle. The degenerated hypaxial entancons artery lies ventral, that is
external and similarly to the accompanying vein.  1ypaxial, cutancous blood-
vessels are bont In o zigzag line.  They have no councetion with the vasenlar
plexus, nourishing the dark red portion of the lateral wusele.  The subspinal rod
of the vascular plesus is also well developed, bat the rod is separated from the
vertebral colutm by the development of the epihacmal process, between the
vertebral column and the haemal canal.  Thus the inferior foramen is remarkal ly
Inrger than in the genus Kafsuwonus.

Dark markings in the naked part of the back, and generally some greyish
spots in the peetoral region above the ventrals.

Fishes of this genus attain about the same size as the striped bonito.
They are degencrated forms, derived from the genus Kuafsmwonus. Voracious
fishes of temperate and tropieal seas, not forming large schools, and often ap-
proaching the coast.  Until reeently only one species was known, but T lhave
found other two species in the Pacifie, quite different from the Atlantie
species.

Key to the species of the genns Ewdhynnus.

Vomerine tecth present.

Dark obligue bands on the back....... ... .. ... ... i i i iiiiie E. yaito.
Dark longitudinal bands on the back. ... ... ... ... . i, E. tineatus.
Vomerine teeth absent. ... ... i i E. alleteratu.

Euthynnus yaito Kishinouye.
Yaito, hirngatsuwo, obosogatsuwo, segatsuwo, suma, wramawarigatsuwo, wata-
nabe, yaitopara, yaitosuma.
Figs, 26, 54, 58.

Thynnus thunnine, Schlegel, Fauna Japon. DPoiss, 95, Tab, 48. 1850,
? Tlynnus affinis, Cantor, Cat. Malay. Fish. 106, 1850.
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Euthynnus sjailo, Kishinouye, Sui. Gak. Ho, I, 22, P1. 1, Fig. 15, 1915.

D. 15-16, 12-13, 8. A. 13, 7. Gill-rakers 8-10+ 22-24.

Vomerine tecth present. This character clearly separates this specics from
the allied species of the Atlantic, with which it has been hitherto confornded,
as the presence of the vomerine teeth in this species had been overlooked.
Vomerine teeth are arranged in one row on a lobgitudinal ridge. Palatine
teeth are also on one row only. The upper jaw has 27-30 teeth, while the
lower has 24-27. Gill-takers in this species are fewer in pmmber than in the
allied species of the Atlantic. The latter lias 11-28.

The entancons artery sends arterioles from the inner and lower side in
one row, while the venules to the cutancons vein are arranged in two rows,
alternate on the inner side. To the epaxial cutaneons blood vessels both the
upper and lower segmentary branches are convected.

Skull broad, its breadth is contained 11 in its length. The alisphenoid
and prootic meet, and form a bridge over the groove of the prootic. T'wo pairs
of the ansiliary intermmscular bones are found on the dorsal surface of the
exoccipitals, one pair of which is sitnated just above the foramen of the spinal
cord, and the other at the lower end of paired vertical ridges continred from
the top of the epiotic. The supraocecipital crest is very broad, and its vertieal
side meets the fused median ridge of the exoccipitals. In the specimen fignred
in fig. 53 the candal vertebrae are very long.

Back bluish black with many dark oblique bands. Belly silvery with
three or more greyish spots below the pectorals. Fins black or greyish, the
wentrals are partly black and fringed with chalk-white. Iris silvery with
beautiful reflection. A black spot nuder each eye.

Found chiefly in the southern part of our cmpire. The northern limit of
distribution seems to be near Chiba-ken on the Pacific coast.  Lately Mr. K.
NoMURA sent me a specimen of this species, eanght near Tsimrugn, Fukui-ken
in October, 1921. This is the first specimen from the Japan Sea. Among
specimens of scombroid fishes from the Duteh Indies, kindly sent by Mr. Gosez,
T fornd three immature forms of this species, but the southern limit of dis-
tribution is not yet determined.

This speeics is rather rare, and is not found in schools.  As it approaches

the shore, n few examples are sometimes canght in drag sciues and pound-uets.



COMPARATIVE STUDY OF SCOMBROID FISHIS. 459

Also canght with rods and lines nssociated with bonitos and immature tunnies.

Yoracious fish, feeds on small fishes and mediom sized plankton.  When
this fish enconnters a school of small fishes, it dznrts into the crowd and seatters
them in the same way as the pelumids and tunnies.

This fish attains a total length of ca 60 em, and o weight of can 31
kg, but rarely a fish of one metre and moie than 10 kg in weight is found.

Spawning seems to take place about in May in Taiwan. A young speci-
nen measuring 11,5 em in length was captured near the mouth of Neelung
Harbour, on Angust 29, 1917. 1t is slendever than the adult, and has abont
i dozen dark transverse bands, more or less oblique. These bands pass the
lateral line downwards.

Ilesh more or less finn and pretty good in taste.

Thynnus o fiinis of CANTOR seews to be identieal with this specics; but as
Le denies the presence of the vomerine teeth, it may be o different speeios.
Moreover the eolour of fins differs in Tlynnus aginis. It is said that the
second dorsal, anal, and their spurions fins are pale brownish yellow, edged
and washed with black; while the eaudal is yellowish buff, washed with

brownish in the centre.
Euthynnus lineatus Kishinouye.
Enthynnus lineatus, Kishinouye, Sui. Gak. o, 1IT, 113, 192).

This species was created on a single specimen from Manzanillo, Mexico,
collected by Mr. Naotaro Ota, in 1915. It differs from the other known

Fig. Z. Euthynnus lincatus 1/4.
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species by the presence of about threc longitudinal durk lines or rather
bands in the naked portion above the lateral line. Omne row of teeth on the
vomer and palatines as in Luthynnus yaito. In the new species the head is
lavger than in the other species. The speeimen examined is 48 em in the
total length. Iu the thoraeic part there are some spots or rather very short

bands. Caudal portion very slender and short.

Genus Auxis Cuvier.

Auxis Cuvier, Regne Anim. II, 113, 1829,

Body rounded in eross-section, fusiform, and more elongated than in Ke-
puconus and Euthynnus. Caundal portion remarkably short, while the preeau-
dal portion is very long. Snout short, mouth small. Teeth in both jaws only.
Fins small, especially the second dorsal, anal, and caudal. Posterior portion of
the first dorsal has disappeared, and the fiu is nearly triangular in shape,
and is uot continuous to the second dorsal.  In the median prolongation of the
corselet. we find no indentation at the ventral margin behind the pectorals. Later-
al line slightly enrved with small nndulations. Tongue flat, smooth, and silvery.

Basioceipital together with the parasphenoid form paired horn-like process-
o3 bebind to support the first vertebra above. Iixoccipitals fused to one piece
of bone, with a prominent dorsal mcdian crest, just below the supraoceipital
crest, thus affording a strong hold for the insertion of the lateral muscles.
Deep transverse depression along the suture between the prootic and alisphe-
noid, corresponding to the ventral groove in the optic lobe of the brain. At the
anterior border of the depression the alisphenoid is produced to a shelf to
putly cover the depression. Pterotic process long and broad horizontally.  The
sphenotic does not appear in the dorsal side of the skull. Antero-superior
corner of the subopercle produced. One pair of auxiliary intermusenlar bones
on the coalesced exoceipitals, just above the foramen for the spinal cord. Some
intermusenlar bones behind that of the 8th vertebra are divided into two por-
tions and are connected by a ligament.

The first vertebra is not elosely coaleseced to the skull, and the npper
posterior zygapophyses ave loug and large for the attachinent of the clavicular

ligament.  The neural process of the first vertebra is weak and small. In the
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second vertebra the nenral process and the lateral transverse processes wre re-
markably large. The former is for the attacliment of the mmscle of the ficst
dorsal, and the latier for the attachment of a pair of strong tendons from the
centre of paired small cones of myotomes. Tirst three vertebrae have o pair of
strong ridges or pillars at the ventral side respactively.

The centram of the succceding vertebrae is shaped like an hourglass, as
longitudinal ridges aro scareely developed in thom. Lateral keels are more or
Jess developed in the majority of the candal vertebrae, thongh many of them
are not developed along the whole length of the side. In the precandal ver-
tebrae, ventral processes arise from the anterior end only, and they are united
into a median rod, the epihacmal process of some length. At the distal
end the rod is separated to parapophyses. Tho haemal arch and hacmal spine
are found in canlal vertebrac only. The epihacmal procass is turned more or
less forward in the caudal region as well, while the hiaemal processes are
turned backward. Both neural and haemal processes from the vertebrae, with
the exception of some candal ones, are laterally compressed. Tven in the first
candal vertebrn, the epihaemal process is more or less tnrmed forward and the
process of that vertebra makes nesrly a right angle with the haemal arch.
The so-called trellis formed on the ventral side of the vertebral colnmn is sear-
cely developed in this genus.  Spaorions interneurals ave found between the two
dorsals.

Epaxial cutancous blood-vessels ruu noar the lateral median line, and are
nnited to segmental branches of both epaxial and hypaxial sides. These Dblood-
vessels form sheets of the vaseular plexus round the dwk red portion of the
lateral musele, as the hypaxial entancous blood-vesscls are atrophicd as in the
genus Fuilynnus, and take no part in the formation of the plexus. The rod
of the vascular plexns between the parapophyses in the precandal region and
in the haemal canal in the caudal region is thin and mueh degencratad.

The dark red portion of the lateral muscle the chiai is broadest near
the vertebral columm, as the chief axial blood-vesscls are far removed from
the latter. A comparatively large portion of the lateral muscle is eoloured dark
red. Besides a concentric sheath of museles round the strong tendon from the
sccond vertebra, there is another smaller concentric sheath of muscles round an-

other tendon on tho external side of the anterior part of the eutancous blood vessels.
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The dendritic comwrse of the hepatic vein may distinctly e seen on the
exterior side of the liver. The right lobe of the liver is exceedingly long, the
other lobes are short and rather indistinct. The mass of the pyloric coeca is
much shorter than the stomach. IKidneys are elongated. Two nreters are sepa-
rated and open at the dorsal, anterior end of the bladder. Sexnal gland when
ripened develops backward along both sides of the thick row of interspinous
bones of the anal fin. This is due to the narrowness of the abdominal cavity.

The back is dark greenish, it Decomes dark Dbluish after dénth. Several
oblique bands in the scaleless part above the lateral line. Eelly silvery, with
nridescent reflections.  Oval dark spot below each eye.

Very widely distributed in the temperatc and tropieal waters. In warm
seasons the fish approaches the shore, often in large sclools, and is canght
with seines, pound-nets, drift nets, rods and lines, etec. Tlis fish is also found
in the Japan Sea. It swims in the deeper strata of water in cold months, and
disappears in winter from onr coasts.

Very small in size, generally ca 30 cm in length.

The fish feeds on small plankton and small fishes, sueh as Athciing, Stole-
plorus, Spratielloides, immature forwes of Engraulis, ete. 1t is inferior in taste,
as it is coarse and moreover very perishable.

In omr waters there are two different species of fish belonging to this
genus. They resemble each other so closely that they have long been con-
founded by naturalists, and were considered to be the same species as the
Atlantic congener.

Key to the Japanese species of the genus Auxis.
Body more or less compressed, only a few seales are found on both sides of
the Iateral line in the posterior part of the body; inferior foramen
present in the last two vertebrae with the epihaemal spine (26th and 27th).....A. Zire.
Body nearly rounded in eross-section, several rows of seales on both sides of
the lateral line, no inferior foramen in the vertebrae with the epihaemal spine... A, maru.
Auxis hira Kishinouye.
Hiramedika, liragatsnwo, hirasohda, obosogatsuwo, shibuwa,
soma, suma, cte.
Irigs. 55, 59.
Awxis hira, Kishinouye, Sui. Gak. Ifo, 1, 23, L 1, Fig. 16. 1915.

D. 10-11, 12, 8. A. 13, 7. Gill-rakers 94+ 30.
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.

Body wmore or less compressed, its heiglt is nearly equal to the length of
the head. Middle limb of the corselet ends a little hehind the pectoral, and
one or two rows of minute scales are fourd ou either side of the lateral lie.

The hypaxial duk red portion of the lateral muscle is larger than the
epaxial.  Myoton es of some body-segieents seem to be subdivided in the dark
red portion.

Long intermuscular bones, the tips of which are found to veach the swrface
of the body to the 11th vertebra, and the last four of them are not entirely
ossified, leaving the middle part fibrons. The lateral process of the second
vertebra is louger than the veatebra itself. The hacmal arch of the first
caudal vertehra is bent with a more or less obtuse angle. In the 25rd and
some succeeding veitebrae there are paired downward processes from the end
of the haemal process, and these processes nearly reach the origin of the haemal
spine of the preceding vertebrac.

This specics is very widely distributed.  Its northern range reaches to Hok-
kaido and is known from the coasts of the Japan Sca, Norea, Ogasawara Is-
lands, Ryukyu Islands, Formosa, cte. Cauglit in large numubers in southern
regions.

This species grows to a weight of ea. 1.5 kg.

Seews to spawn in summcr, Reproductive clements are nearly ripe in
August.

This species is not so numerous as the other but the flesh being firmer

is superior to the cther in quality.

Auxis mara Kishinouye.
Marumedika, chiboh, dainanpo, magatsuwo, manba, mandara, marugatsuwo,

nodoguro, rohsoku, subola, uzuwa, cte.

Figs. 2, 15, 27, 56, 6O.

? Llnwis tapeinosoma, Dlecker, Verh. Bat. Gen. XXVI. 98, Tab. 7, Tlig. 1, 1854-57.
? Scomber thazard, Lacépéde, list. Nat. Doiss. III, 9. 1802

Auaxis rochei, Kitahara, Journ. Fish. Bur. VI, 3, Pl 4, Tig. 9, 1897.

Auxis marv, Kishinouye, Sui. Gak o, I, 24, Pl 1, Fig, 19, 1915.

D. 9-10, 11-12, 8. A. 13, 7. Gill-rakers 10+ 36.

Body fusiform, nearly ronnded in cross-section, and its height is smaller
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than the length of the head. The middle limb of the ecorselet is prolongzed
backward nearly the entire length of the lateral line.

The dark eoloured portion of the lateral muscle is nearly equally large in
the hypaxial and epaxial portions.

Depression along the suture between the prootic and the alisphenoid is
sharply defined and narrow, and the shelf at the anterior Dorder of the de-
pression is obsolete. Only two intermmseular bones have the widdle portion
non-ossified. The lateral proeess of the second vertebra is short and thiek.
Newral proeess of some anterior vertebrae is not so Lroad as in the preceding
species. The haemal arch of the first eandal vertebra makes a right angle with
the epilaemal spine. ¥rom the lower end of the epibacmal spine a pair of
short free proeesses is produced downward and forward in some candal vertebrac.
Free parapophyses from the lower end of the epihaemal process ave short, and
are bnt a little separated from each other.

This species seems to be more abundaut than the preeeding speeies. In
distribntion nearly the same as the latter. Kuown from South-Manchwria as
well.  Caught in pound-nets, set-nets, drift nets, vods and lines, ete.

Grows to a weight of ea. 640 g, the smnallest speeies in the Plecostei.

Very poor food-fish, consumed fresh ov salted.

Auzis tapeinosoma of BLEEKER seems at fivst sight to be identieal with this
species, but not exaetly, as the dorsal finlets of the former are eharacterised

as 9 in number.
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Explanation of Plates.
PLATE XTiL

Tig. 1. Scomber japonicus. Skin, hypaxial lateral musele, and a part of the candal portion
removed, showing the vascular system, viscera, intermusecular tendons, ete.

Fig. 2. Awxis marw. Skin, pale coloured portion of the hypaxial lateral musele removed,
together with an external part of the dark red portion removed between the 13th to 18th
vertebra. In the eross-seetions of the lateral muscule, both epaxial and hypaxial of the dark
red portion are represented. Two small cones of muscles round a respeetive tendon, axial anl

cutaneous (lower eanal is not represented) vascular systems are shown.
PLATE XIV.

Fig. 3. Thunnus orientalis. Skin, anterior portion of the hypaxinl lateral muscle, and a
part of gills and gill-eover have betn removed. exposing the cutaneous vascular system and the
viscera.

Yig. 4. Parathunnus mebacki. Skin, hypaxial lateral muscle, most part of viscera, and the
candal pedunele removed, to show the vertebral vascnlar system, cutaneous vascular sysiem,

intermuscular tendons, ete.
PLATE XV.

Fig. 5. Kalsuwonus pelamis. Skin, and hypaxial lateral muscle removed, to show the
vertebral and the hypaxial cutaneous vaseular system, viseera, ete.

Fig. 6. Oybium nipkonium. Greater part of the muscle removed at the anterior part, leav-
ing the intermuscular bones, the membrane eonneeting them, intermuscular tendons, median
prosimal portion of myocommata, and segmental blood vessels.

PLATE XVI

Middle transverse section of vertebrae. The dotted line in the figures separates the caudal
vertebrae from the precaudal, and the numeral in u smaller type is the number of a vertebra
from the anterior end.

Fig. Scomber japonicus.

Fig. 8. Grammatorcynus Lilinealus.
Fig. 9. Cybiwm niphonium.

Fig. 10. Acanthocybium silandri.
Fig. 11. Sarda orientalis.

Fig. 12. Gymnosarda nuda.

Fig. 13. Neothunnus macropterus.
Tig. 14, Katsuwconus pelumis.

Fig. 15. Awxis maru.
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PLATE XVII.

Cross-sections of the lateral muscles and the dorsal and ventral carinales (oue half moicty),
showing the relation between the dark coloured portion and blood-vessels, and also the number
of myotomes.

Iig. 16.  Scomher japonicus.

Fig. 17. Surda orientalis.

Tig. 18. Neothunnus maeropterus.

Fig. 19. Kalsuwonus pelamis.
PLATE XVIIL

Cutaneous blood vessels and minute blood vessels connected with them in the dorsal part
of the body (demidingramatic).

Fig. 20. Thunnus germo.

Fig. 21. Thunnus orienlalis.

Fig. 22. Parathunnus mebichi.

Fig. 23. Neotlunnus macropterus.

Fig. 2t. Neothunnus rarus.

Fig. 25. Katsuwonus pelands.

Fig. 26. Euthynnus yailo.

Fig. 27. Auxis maru.
PLATE XIX.

Scomber japonicus.

I'ig. 28. Variety * hirasaba.”

Tig. 29. Variety * gomasaba” or ** marusaba” (immature),

Fig. 30. Skeleton. a. dorsal surface of the skull. b. Ventral surface of the skull ¢. Ventral
view of the anterior precaudal vertebrae to the first vertebra with the haemal arch closed. d.

Dorsal view of the vertebrae of the caudal peduncle.

PLATE XX
Fig. 31, Acanthocybium solandri.
Fig. 32.  Cybtum niphonivm.
Fig. 33. Sarda orientalis,
PLATE XXT.
Fig. 3L, Oybium chinense.
Fig. 85. Cybium koreanum. a. Ventral view of the skull. b. Dorsal view of the skull. c.

Side view of the skull.

PLATE XXII

Fig. 36. Cylium commerson.
Fig. 37. Gymnosarda mua.
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Fig. 38. Skeleton of Gymnosarde nuda. «. Dorsal view of the skull. b. Ventral view of the
skull. « Ventral view of anterior precandal vertebrae to the first vertebra in whieh the haewmal

arch is elosed. d. Dorsal view of the vertebrae of the eandal peduncle.

PLATE XXIIT.

Tig. 39. Skeleton of Acanthocylium solandri. a. Dorsal view of the skull. b. Ventral view
of the skull. e¢. Ventral view of anterior precaudal vertebrae to the first vertebra with the closed
haemal areh. d. Dorsal view of the vertebrae of the caudal peduncle.

Fig. 4). Skeleton of Cybium chinense. «a. Dorsal view of the skull. 1. Ventral view of the
skull with following vertebrae. e Dorsal view of vertebrae of the caudal peduncle.

PLATE XXIV.

Fig. 41. Skeleton of Cybiwm niphoniwm. a. Dorsal view of the skuil. b. Ventral view of
the skull and precandal vertebrne. c¢. Dorsal view of vertebrae of the eandal peduncle,
Fig, 12. Skeleton of Sirda orientulis. a. Dorsal view of the skull. ). Ventral view of the skull.

. Ventral view of anterior precaudal vertebrae. d. Dorsal view of vertebrne of the candal peduncle.

PLATE XXYV.

Fig. 43. Thunnus orienlulis. Tmmature speeimen, about six months old.
Fig. 41 Skelton of the above.

PLATE XXVL
Fig. 45, Niothunnus macroplerus. (Immature).
Fig. 46, Thumnus germo.

PLATE XXVIL

Fig. 47. Paratlennus mebacki. (Immature).

Fig. 48. Neothunnus rarus.
PLATE XXVIII.

I'ig. 49. Skull and vertebral eolumn of Parathunnus mebuchi,.
Fig. 50, Skull and vertebral eolumn of Thuanus orientalis.
a. Dorsal view of the skull. b. Veutral view of the skull. ¢ Ventral view of the
anterior vertebrae till the first haemal arch is elosed. Anterior Zygapophyses
of the second vertebra are represented in Th. orienfalis only. d. Dorsal view

of the caudal vertebrae. (Th. orienfalis, ventral view ?)

PLATE XXIX.

Tig. 51. Skull and vertebral columu of Neothunnus macroplerus..

Fig. 52, Skull and vertcbral eolumn of Thunnus germo.
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a. b, e, (. The same as in the preceding plate.

PLATE XXX,
11g. 53, Netsrwonus pelamis.

Fig. & Entlopnns yaito.

PLATE XXX
Fig. 55, Llhris hiva.

Fig. 56, luxls marn,

'T.ATYE XXX

Fig. 57. Skull and vertebral colamn of Katsnronrs pelaumis.

Fig. 58. Skull and vertebral column of Euthynnus yaito.

a. Dorsal view of the skull. b. Ventral view of the skull. e, Ventral view of the anterior
vertcbrae, till the first hacmal arch is closed. o Dorsal view of the eaudal vertebrae.

e, f. g. Three stazes of haemal [roeesses till they nmite to form the haemal eanal in

precaudal vertebrae.

PLATE XXNIIL.

Fig. 59  Skull and vertebral columu of Auxis ire.

Fig. 60. Skull and vertcbral column of lwris maru.

a.  Dorsal view of the skull. 4. Ventral view of the skull. ¢ Ventral view of the vertebral
column to the first eaudal vertebra. in which the huemal arel is closed d. Dorsal view
of the eaudal vertebrie in which the lateral process or ridge is more or less developed,
e, fu y. Three stages of the development of the haemal processes in the precaudal

vertebrae.  In the last stage the epiliemal process is remarkably developed.

PLATE XXXI1V.
Fig. 61. Cybiwm quitatum.
Fig. 62.  Grammatoreynus bilincatns.
g, 63. Rastrelliger chrysozouus.
Fig. 64 Skull and vertebral column of Neothunnus rarus,
a. Dorsal view of the skull. L. Ventral of the skull. ¢. Ventral view of the anterior

vertebrac till the first haemal arch is elosed. d. Dorsal view of the caudal vertebrae.
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Index to the Vernacular Names.

Abuko 441.
Aosawara 418.

Binchoh 434,
Binnaga 434.
Bintsuke 448.

Chiboh 463.

Dainanpo 463.
Darumashibi 412,

Gesunaga 446,
Gomasaba 405.
Gotoshibi 437.
Gurukun 406.
Hagatsuwo 421
Hasawara 418.
Hashibi 446, 448.
Hatsu 446.

Hiragatsuwo 457, 462.

Hiramedika 462.
Hirasaba 404.
Hirasawara 420.
Hirashibi 442.
Hirasohda 462.
Hirenaga 6.
Hoteisawara 418.
Ylohzan 424.

Imoshibi 441.
Inusawara 418.
Isomaguro 426.
Itoshibi 146,

Kahpah 419.
Kakinotane 441.
Kamasusawara 411,
Kantaro 434,
Katsuwo 453,
Kibata 446.
Kimedi 446.
Kinhire 416.
Kitsunegatsuwo 424,
Kiwada +16.
Koshinaga 118,
Kuroshibi 437.
Kusamochi 418.
Kusarah 1413.

Magatsuwo 453, 163.
Maguro 437.

Manba 1€3.
Mandara 463.
Mandaragatsuwo 453.
Marugatsuwo 463,
Marumedika 463,
Marusaba 404.
Mebachi 442,
Mebuto 412,

Medi 437.

Murebji 406.

Nodoguro 463.

Obosogatsuwo 457, 462.
Ohkamasu 411,
Okisawara 411, 418,

Rohsoku 463.

Saba 403.
Sabagatsuwo 424,
Sagoshi 421.
Sawara 411, 421.
Segatsuwo 457,
Seiyoshibi 448,
Shibuwa 162,
Shimagatsuwo 421,
Shiroshihi 448,
Soma 462
Subota 463.
Sujigatsuwo 424
Suma 457, 462.

Tessabku 411.
Tohzan 424.
Tojinsawara 411.
Tokakin 126,
Tomboshibi #3S.
Tongari H18.
Totuh 116.

Uke 418.
Uramawarigatsuwo 157,
Ushisawara 416, 418.
Uzuwa 463,

Watanabe 457.

Yaito 457,

Yaitoparn 457.
Yaitosuma 457.
Yokoshimasawara 416.
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Index.

Ab lominnl cavity 353.
Acauthoeybium H0.
Acanthoeybimu solandri 1.
Air-bladder 351.

Albaeora alalongn
Alisphenoid 314

Anal tin 308.

Angular 523,

Arterial system 372
Arstienlar 323.

Auxis 460,

Auxis hira 162.

Auxis mar 463

Auxis rochei 163.

Auxis tapeinosoma 463,
Awxis (Scomber) thazard $63.

Basibranchials 323.
Basioccipital 319.
Basisphbenoid 317.
Branchial arehes 323.
Branchiostegals 328, 36t

Caudal fin 300.
Ceratobranchials 331.
Ceratohyal 327.

Chiai 317.

Clavicle 332.

Clavicular ligament 332.
Coeliscomescnterie artery 578.
Colour 208.

Cutaneons vascular system 365.
Cybiidae 307.

Cybium 415.

Cybinm commerson 416.
Cybium guttatum 419.
Cybinm korennum +42.).
Cybium niphonium 421.
Cybium ehincnse 8.

Daiboami 0.
Dentary 323.
Development 381,
Digestive system 3506.
Distribution 390.
bDorsal fins 307.
Drift net 393.

Enemies 394.

Lpibranchinls 331.
LEpihaemal process 319.
Epihyal 328.

Epiotic 317.

Fahmoid 312,
Enthynnus 456.
Eathynnus alletecata 457,
Iuthynnus linentus 459.
Enthynnus pelamis 353.
Luthynuus yaito 457,
Exoccipital 318.

Eyes 303.

ins 396,

Fishery 391

Food 383.

Form of the body 26,
Frontal 313.

Gall-bladder 363.

Gill-rakers 351.

Glossoliyal 320.
(irammatorcynus 413
Grammatoreynus bilineatus 413.
Growth 384.

Gymnosarda 426,

Gymnosarda nuda 126,
Gymnosarda pelamis 453.

Habit 381.
Ioend-line 397.
Ilead 301,

Heart 372.

Hook and line 396.
Hyoid arch 320.
Hyomandibular 321.
Hypercoracoid 333.
IHypobranchials 33).
Hypoliyal 326.

Interhyal 328,
Interruuseniar bones 311,
Interoperele 325.
Interspinons bones 343.
Intestine 360.

Jaw bones 32).

Katsuwonidae 450.

473
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Katsuwonus 452. Pound -net 399.

Katsuwonus pelamis 453. Prefrontal 312.

Kidneys 379, Premasillary 320,

Kurochiai 371, 377, Preoperele 325.
Preorbital 314.

Lateral line 3)3. Prootic 318.

Ligaments 33). Pteroti- 318,

Liver 361. Pterygoiad 321,

Locomotion 383. Pyloric coeca 339.
Pyloric tubule 35Y.

Markings 208. Pylorus 338,

Maxillary 320.

Median superficial lateral muscle 3 Quadrate 323,

Mesopterygoid 321.

Metapterygoid 322. Rastrelliger 496,

Migration 389. Rastrelliger cbrysozonus K.

Mouth 302. Red gland 336,

Mascular system 315, Renal organ 379.

Myotome 315, Reproductive system 380.
Respiratory system 363.

Nasal 314, Ribs 3.

Neothunnus 115.

Neothunnus macropterus 446, Sarda 421,

Neothunnus racrus 148. Sarda orientalis 121

Nervous system 351. Seales 3J5.

’ Scomber 103.
Olfactory orgun 353, Scomber colins 403,
Opercle 323, Scomber japonicus 133,
Opereular bones 323. Scombridae 440,
Opisthotie 319. Seines 39,

Oreynus schlegeli 137, Sense organs 331.
Orcynus sibi 112, Size of the body 298.
Oreynus thynnus 437, Skin 305,
Otolith 352. Skeleton 319,

Skull 310.
Parasites 394, Snout 392,
Paraspbenoid 314, Sphenotic 316,
Parasphenoidal clianmber 315. Spleen 363,
Purathunnus 112, Stomach 333,
Parathunnns mebachi 112 Styloliyal 328,
Paratine 321, Subopercle 325.
Parietal 316, Subspinal vaseular plexus 377,
Pectoral fins 3. Supraclavicle 332,
Pectoral girdle 331, Supraoceipital 315,
Tedicle 310, Sympleetic 323,
Pelvic girdle 334,
Teritoneum 354 Teeth 302,
Plecostei 123, Tendons 351.
Postelaviele 333. Thunnidac 132,

Posttem poral 331, Thunnus 133
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Thunnus germo 131,

Thunnus orientalis 437,

Thynnus atlinis 57,
Thynnus albacorn {18,
Thynnus obesus 415,
Thynnus paciticns 134,
Thynnus sibi H5.

Ihynnus thunpina 157,

‘Tongne 356,
Troll line 397,
Tunny long line 397.

Ureters 379.

trinary blndder 38).
Urohyal 325,

Vascular system 365,

Venons system 367,

Ventral fing 397,

Vertebral eolnumn 336,

Vertebrnl arterinl system 371,
Vertebrnl venons system 357, 37 ).
Visceral arterinl system 378,
Visceral venons system 357, 371,
Vomer 313.

Dullished Maveh 30th, 1923.
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Middle Transverse Section of Vertebrae,

7. Scomber japonicus (14 +417), 8.  Granmaloreynus bilineatus (13 +18).
0 9. Cyhiwom niphoniwm (22 428, 10, Acanthocybium sotandri (334 31).
1. Surde orientulis (25 +20). 12, Gymnosarde nuda (19 +19).
13, Neollewnnus macropterus (18 +421). 14, Katsuwonus pelamis (27 421).

15.  cwis maru (20 +19).

A dotted line separates the caudal verlebrae from the precandal, anl the namernls in a smaller type denote
- the ordinal number of vertebrae, counted from the anterior end.
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Seomler jouponicus Scrda oricntalis
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dark coloured portion and blooc



Pl XVII.

Neotlhunnus maciroplerus Katswwonus pclamis

tral carinales (one half moiety), showing the relation between the
szels, and also the number of wyotomocs.
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‘ Al
Neothunnus rarus. Katsuwonus pelamis.

Cutancous blood-vessels (expaxial) and vascular plexus connected with them. Magnified.
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